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1 ^ t ocl WP I i c @ t .ions 

TJlis application is a continuation-in-part of co- 
pending U.S. Serial Nos. 08/122,230, 08/122,827, and 
08/162,827, the contents of which are incorporated by 
10 reference in their entirety. 

The present invention relates to isolated nticieic acid 
fragments encoding a fungal oxidoreductasa an^'me and the 
IS purified enzymes produced thereby. More particnlarly, the 
invention relates to nucleic acid fra'prients encoding a 
phenol oxidase, specifically a laccase, which functions at 
a neutral pH. 

20 okcfrp^^n^, , , Qf. , , , , , , iny$n t.ioB 

Laccases (foensenedioliojcygen oxidoreductases) are 
multi-copper containing ea^ya^es that catalyse the oxidation 
of phenolics. Laccase-mediated oxidations result in the 
production of air^^'loxy-radical intermediates from suitable 

2S phenolic substrate; the ultimate coupling of the 

interiaediates so produced provides a combination of dimertc, 
oligomeric, and polymeric reaction pr-oducts. Such reactions 
are important in nature in biosynthetic pathways which lead 
to the formation of melanin, alkaloids, toxins, lignins, and 

30 humic acids. Laccases are produced by a wide variety of 
fungi, including ascomycetes such as Aspergillus, 
NBuroBpora, and Podospora, the deuteroiaycete sofcr>'tis, and 
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basiaioiaycetes such as Collybia, Fames, Lmtinus, Pleurotvs, 
frmn&tes, and perfect forms of Kbizoctonia, Laccase 
exhibits a wi«3e range of substrate specificity,, aiid eacii 
different fungal laccase usually differs only Qviantitatively 

S from others in its ability to oxidise pheiiolic substrates - 
Because of the substrate diversity ^ laccases generally have 
fouud many potential industrial applications. Mmng these 
are lignin laodif ication, paper strengthening, dye transfer 
inhibition in detergents, phenol polymerisation, juice 

10 manufacture, phenol resin production, and waste water 
treatment . 

Mthough the catalytic capabilities are similar, 
laccases made by different fungal species do have diffei-ent 
temperature and pH optifiia, and these may also differ 

IS ^iepending on the specific substrate. A nuRiber of these 
fungal laccases have been isolated, and the genes £or 
eeveral of these have been cloned. For example, Choi et 
ai.(MoX. Plant -Microbe Interactiorss ^; 119-128. 1992) 
describe the molecular characterization and cloning of the 

20 gene encoding the laccase of the chestnut blight fungus, 
Cryphoiieccria parasitica. Kojlma et ai. (J. Biol. Chem. 
265: 15224-15230, 1990? JP 2-238885) provide a description 
of two allelic forms of the laccase of the white-rot 
basidiomycete CorioluB birButus. Germann and Larch 

25 (Experientia lis 801,1985; P1®S USA M: 8854-88S8, 19865 
have reported the cloning and partial sequencing of the 
Ifeurospora crassa laccase gene. Saloheimo et al- (J. Gen, 
Microbiol. 137> 1537-1544, 1985; WO S2,'01046) have 
disclosed a structural analysis of the laccase gene from the 

30 fungus FMeMa radiata. However, virtually all of the 
knoMi fungal laccases function best at acidic pHs (e.g., 
beU^^een pH 3..0 and 6.0), and are typically inactive at 
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neutral or basic pHs, Since a n-umbeir of the aforestated 
potential industrial methods are prefei-entially conducted at 
neutral or basic pH, most fungal laccases perform poorly in 
sucli methods. Tlius, the available fungal laccases are 
inadsguate for application in a nusiber of important 
coaBsercial raetlaods. 

Ml exception to this rule is the extracellular laccase 
produced by certain species of Rhizoctonia, Bollag et al. 
have repox-ted a laccase with a pH optimun of about 7.0 
produced by Rhizoctonia praticoJa, A laccase of tliis type 
would be far more useful in industrial methods requix'ing 
neiitral pH than previously known laccases. However, the i?, 
praticoJa enzyme was neither purified uor further 
charaoteriaed, nor, to date^ has any other laccase having 
this trait been purified or characterized. Moreover, 
although other laccase genes have been isolated, as 
described above, these have been genes encodiag enigyraes 
which function best at acidic pH. Recojnbinant production 
and coiBKiercially adequate yields of a pH neutral or basic 
laccase have thus been unattainable due to the fact that 
neither the enzyme per se nor the laccase gene encoding stich 
an enzyme has previously been isqiatad and/or purified and 
sequenced, The present invention now provides a solution to 
each of these problems. 



The present invention relates to an isolated nucleic 
acid fragment comprising a nucleic acid sequence encoding a 
Rhizoctonia laccase which functions optimally at a pH 
betv^een €.0 to 8.5. By "functioning optimally" is meant 
that the enayme exhibits significant (i.e, , at least about 
30% of maximum, preferably at least about 50%, and most 
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preferably from 50% to maximum^ activity within the pH ranga 
o£ between about 6,0>-8,5, as detemined by activity in one 
or more staMeird laccase assays for substrates sticli as the 
syringaldaKine, abtS, 2, 6-diaietfe03cyphenol, or 4 
S antiamiriopyrine + M-ediyl-N-sulfobutyl~m-toluldine, A 
preferred substrate £ox- the laccases of the present 
invention is ayringaldasine . In a preferred eiabodiment, the 
laccase is a Rhizoc tenia solmii laccase. The invent iaa also 
relates to a substantially pyre laccase encoded by tbe novel 

10 nucleic acid sequence. By *• substantially pure"* is meant a 
laccase which is e.?sentially (i,e,,>90%} free of other non- 
laccase proteins. 

In order to facilitate production of the novel laccase, 
the invention also px-ovides vectors and host cells 

15 comprising the claimed nucleic acid fragment, whicli vectors 
and host ceils are useful in recoK?binant production of the 
laccase. The nucleic acid fragment is operably linked to 
transcription and translation signals capable of directing 
expression of the laccase protein in the host cell of 

20 choice, h preferred host cell is a fungal cell, most 

preferably of the genus Aspergillu;s, Recombinant production 
of the laccase of the invention is achieved by cnlturing a 
host cell transformed or transfected with the nucleic acid 
fragment of the invention, or progeny thereof, under 

2S conditions suitable for expression of the laccase protein * 
and recovering the laccase protein from the culture , 

The laccases of the present invention are useful in a 
nujaber of industrial processes in which oxidation of 
phenolics is required. These processes include lignin 

30 manipulation, juice manufactux'e, phenol polymerisjation and 
phenol resin production. In a preferred ejtjfoodiaent ^ the 
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enzyme of th« invention is used in a process reguiring a 
rieutrai or somewhat basic pH for greatest efficiency, 

5 Figure 1 illustrates tbe nucleotide and amino acid 

sequence of RSXacl. Lower case letters in the nucleotide 
seQuence iR^iicate the position of introns. 

Figure 2 illustrates the nucleotide and amino acid 
sequence of RSlacS , Lower case letters in the nucleotide 
10 sequence indicate the position of introns. 

Figure 3 illustrates a restriction laap of the plasmid 

Figure 4 illnstrates the nucleotide and amix^o acid 
sequence of the translated region of RSlacS . 
15 Figure 5 illuscrates the syringaldazine oxidase 

activity of RSlacl {90ffii'! buffer, 20 pH syringaldasine, 
20 'CI . 

Figure 6 illustrates the syringaldaziiie oxidase 
activity of RSlac2 C93mM biaffer, 20 im syringaida2;ine, 
20 20"C). 

Certain species of the genus Rhizoctonia have been 
reported as prodiiclng laccase; therefore, an initial search 
focused on identifying the presence of these enzymes in 

2S various Rhizoctonia solani isolates. Samples are cultured 
and the supeniatants periodically analyzed for the presence 
of laccase by the ABTS method, described below, Laccase is 
observed in all the Rhizoctonia cultures. Harvested 
laccases are electrophoretically separated and stained with 

30 ABfS. One isolate, produces a laccase with a basic 

pi, and is selected for further study. 
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The remaining studies focus on purification arid 
charactexisation of the enzyme frojr. RS22. Briefly, the 
fent\entation broth is filtered and concentrated by UF with a 
meintorane cut off of about 10,000. A £irst ion exciiange 
s chromatography step is conducted at pH 4.5 in acetate 
buffer, with step elution tisiag NaCl. The elxiate is then 
nltrafiltered and rechromatographed , and eluted with a n&Cl 
gradient. Active fractions ars pooled for further stiidy. 

The intact protein thus isolated and purified 
ic {hereinafter referred to as ESlacB) is first subjected to 
partial seguenciag, and the N-terminal seguence obtained is 
as follows: 

AVRKYKFDimWlWAPDGFQRFIYSV (SEQ. ID. 130.: 5} 
The proteiii is further- subjected to digestion with a 
15 lysine- or glutamic -acid specific protease, and additional 
peptides obtained from the protein have the following 
sequences, which can be aligned with sequences in C'oriolus 

hiXBUtUBt 

Feptide 1: 

2§ SQYVDGLRGPLVIYDPDDDH {SEQ. ID. NO: 6) 

Peptide 2; 

GLAL-VPAEAPSQIROGVQSVQFDDA {SEQ, ID. MO.; 7) 
Peptide 3; 

BRYBYBBhS'IVmLESWmTPmVLE (SEQ. ID. MO. 8) 
3S Peptide 4t 

SLGPTPHYVHPXIRD\nmVGGTTW (SEQ. ID. SO. 9) 
The following peptides are also found, but do not correspond 
to CorxoXus sequences 
Peptide 5: 

30 IRY¥G(3PAW.(N?}RS¥1 {SEQ. ID. HO.: 101 

Peptide 6: 

ILIOSPA (SEQ. ID. HO. ; 11) 



YEAPSL ( SSQ . ID . HG , : 12) 
In the above saqijericas, B designates a residue wliicli is 
either aspartic acid or asparagine, and X desigiiates 
s tmidentified residues. 

In order to initiate screening for a Ehlsoctonxa 
laccase geaef an solani genomic library is prepared. 
Total TMA is partially digested with restriction enzi;T«e 
S&\x3h, and electrophoresed in an agarose gel to isolate D1^i\ 
10 fragaients between 8 and 21 kb in sise. The fractionated 

fragments are ligated to X phage EMBL3 arms with BamHI ends^ 

and the resulting phage packaged in vitro. These phage are 
used as a library to create a library' of 170,000 plagues in 
coli and amplified 100 -fold for future use. 

15 In order to develop probes for isolation of the I?, 

solani laccase gene, the protein sequences of five kiiowi 
laccases are analysed to detexmine consensus sequences* and 
two degenerate oligonucleotides constructed based on 
observed coxisensus sequences (Choi et al. supra; Germann and 

20 ijerch, supra; Saloheimo et al, supra, Kojima et al, supra) . 
These oiigos are mixed with R, solani genomic OHA and a DHA 
fragment of 220 nucleotide fragwent is amplified using a ta<5 
polymerase chain reaction (PCR) . The 220~nucleotide fragment 
is then cloned into plasmid vector. 

2S The PCB, fragment is used as a psrobe to screen 25., 000 

plaques from the amplified genomic library. Positive clones 
from this sci^een fall into two classes that are subseq-uently 
shown, by DMA sequence analysis, to code for two different 
laccase genes, RSlaci and HSlac2. The nucleotide sequence 

3-0 for each of these genes CSEQ ID. MOS,: 1 and 3), and the 
predicted amino acid sequence for each protein ISIQ. 21>, 
^^OS.i 2 and 4} , are presented in, respectively , S'igures I 
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and 2 , The homology"' between the two sec|uences is 
approximately 63%. Compared to known laccase seguences from 
Coz^iolus hlrsutuBf Phlebia radiata, Aspergillus nidulanBi- 
Czyphonectria parasitica, and i^eurospora crassa, tJie 
5 iaccases sliov/ betvsreen about 3 0-40% liomolog>''. Each of the 
two coding seguenoss is cloned into a.n e^pressiox^ vector 
operably linked to Asp&rffillus oryzMs taka-ajnv'lase 
transcription and translation signals {See Figure 3). Each 
of the two laccase expression vectors is transformed into an 

10 AspergilluB oxyzae and ABpergillus nig&r host cell, and the 
host cells screened for the presence of laccase. 

For isolation of the. RSlacl gene, polyA RNA is purified 
from R» Bolaxii siyoelia grown in the presenc© of anisidine . 
The RMA is used as a template for cDI^A syntliesis. The cDMIV 

15 is fractionated and fx'agmeats between 1,7-3.5 Isb collected, 
and a cdna library created by cloning the fractionated DMA 
into a yeast vector, 3000 trans fortnants from this iiforary 
are screened on ABTS. After 24 honrs, a single colony 
appears positive. The plasmid fx^om the colony is isolated 

20 and the insert sequenced. Portions of the predicted amino 
acid sequence correspond with the sequences of the fragments 
obtained trots RS 22, described Bupra. The complete 
nucleotide and amino acid sequences are depicted in Figure 
4, and in SEQ. ID. NOS.: 13 and 14, respectively. miac3 

as shows 48% homolog]^'' with RSIacl and 50% homology' with RSlac5, 
RSiac3 also shows 4S% hoaiology with the Coriolas Jjirsutus 
laccase gene. 

According to the invexicion, a Rbizoctonia gene 
eacoding a pH neutral or basic laccase can be obtained by 

30 methods described above^ or any alternative methods knorn. in 
the art, using the information provided herein. The gene 
can be expressed, in active form, using an e>:pression 



vector. A useful expression vsctor contains an eisxnent that 
permits stable integration of the vector into the host cell 
genome or autonorooiis replication of the vector iu a host 
ceil independeat of the genome of the host cell., and 
s preferably one or more phenotypic jTsarkers which peosjit easy 
selection of transformed host cells. The expression vector 
may also include control sequences encoding a promoter, 
ribosome binding site, translation initiation signal, and^ 
optioi\aIly, a repressor gene or various activator genes. To 

10 permit the secretion of the expressed protein., nucleotides 
encoding a signal sequence may be inserted prior to the 
coding sequence of the gene. For expression under the 
direction of control sequences, a laccase gene to be treated 
according to the ixivention is operably linked to th»3 

IS control sequences in the proper reading frame . Promoter 

sequences that can be incorporated into plasmid vectors , and 
which can direct the transcription of the laccase gene. 
Include but are not limited to the prokaryotio 8~lactaamse 
promoter Cviila-Kamaroff , et al,, 1978, Proc, Matl, Acad, 

20 Sci, U.S.A. 15.:3727-3?31) and the tac promoter {DeBoer, et 
al., 1983, Proc. Natl. Acad. Sci. U.S.A. Bilj2i~25). Further 
references can also be found in "Useful proteins from 
recombinant bacteria " in scientific American, 1980, 242 : ? 4 - 
94? and in Sambrook et al.. Molecular Cloning, 1989. 

25 

The expression vector carrying the DMA consti'uct of the 
invention may be any vector which may conveniently be 
subjected to recoaifoinant DI<JA procedures, and the choice of 
vector will typically depend on the host cell into which it 
30 is to be introduced. Thus, the vector may be an autonomously 
replicating vector, i.e. a vector which exists as an 
extx^achroffiosomal entity, the replication of which is 
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independent of chromosomal i-eplication, e.g. a piasmidj or 
an extrachromosoRial element, minicliroaiosome or an artificial 
chromosome. Alternatively* the vector may be one wlaicfe, when 
introduced into a host cell, is integirated into the host 
5 cell genome and replicated together with the chromosome Cs I 
into which, it has been integrated. 

In the vector, the DNA sequence should be opex*ably 
coimected to a sni table promoter sejiuence. The promoter may 

10 ba any DEh segtsence ifhich shows transcriptional activity in 
the host cell of choice and may foe derived froia genes 
encoding proteins either hoatologous or heterologous to the 
host cell. Bxamples o£ suitable promotei's for directing the 
transcription of the DHA construct of the invention, 

15 especially in a bacterial host, are the promoter of the lac 
operon of E, coli, the StreptomyceB coelicolor- agarase gene 
dagA promoters, the pxw,oters of the Bacillus licheniformiB 
a^amylase gene (aayD, the promoters of the Bacillus 
ste&rothermophiluB maltogenic an^^'lase gene (asiyM) , the 

.20 promoters of the Bacillus amyloliqu&faci&ns a~amylase 

{amyQ) , or the proraoters of the BacilluB subtiliB x^/lA and 
xylB genes. In a yeast host, a useful promofcei' is the eno-l 
promoter. For tjranscription in a fungal host, examples of 
useful promoters are those derived from the gene encoding i^. 
25 OQ'^sae TAKA ant^'lase, i?hi^oj8ucor mieiiei aspartic proteinase, 
A, niger neutral a^amylase, A. nig&r acid stable a—amylase, 

A, xiiger or A, awamsii glucoamylase {gluA} , Rhizomvicor 
miehei lipase, A. oxy^ae alkaline protease, A, ory^a© tx"iose 
phosphate isomerase or A, nidulans acstamidase. Preferred 
30 are the TSKA-aiwiase and gluA promoters . 
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Tlie expression vector of the imfention may also 
comprise a suitable transcription terminator and, in 

eukaryotes, polyadenylation sequences operatoly connected to 
the IMA sequence encoding the laccase of the invention. 

5 Termination and polyadenyiation sequences may suitably be 
derived from the same sources as the promoter .The vector may 
further comprise a DUA sequence enabling the vector to 
replicate in the host cell in question. Examples of such 
sequences are the origins o£ replication of plasmids pUClS, 

IS pACYCl??, P0B11O, pEl94, pAMBl and pXJ702. 

The vector may also comprise a selectable a\ax"ker, e.g. 
a gene the product of which complements a defect in the host 
cell, such as the daJ genes from B.sutitiii^g or B. Il- 
ls cheniformis. or one which confers antibiotic resistance such 
as asBpiciliin, kanasEycin, chloramphenicol or tetracycline 
resistance. Exaisples of Aspergillus selection markers 
include ajadS, pyrG^ argB, niaD and sC, a marker giving rise 
to hygromycin resistance. Fref erred for use in an 
20 *?l^pergilius host cell are the amdS and pyrG markers of A. 
nidulans or A. ozysae, A frequently used maiiERalian marker is 
the dihydrofolate reductase (DHPR) gene. PurtheriHore , 
selection may be accomplished by oo- trans format ion, e.g. as 
described in V-?0 91/17243. 

It is generally preferred that the expression is 
extracellular. The laccases of the present invention may 
thus comprise a preregion permitting secretiou of the 
e^ipressed protein into the culture medium. Xf desirable, 
30 this preregion may be native to the laccase of the invention 
or siifostituted with a different preregion or signal 
se<5uence, conveniently accomplished by substitution of the 
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lymh seguencss encoding the respscti've px^eregions. For 
example, the preregion may be derived from a glucoawlase or 
ail an^flase gene from an ABpergilluB species, aji amylase gene 
from a Bacillus species, a lipase or proteinase gene from 
s Hiiizoisucar mi&h&i, the gene for tb.e a- factor froia 

Ssccharomyc&s cerevisiae or the calf procliyaiosin gene. 
Particularly preferred, v?hen the host is a fungal ceil, is 
the preregion for A. oryzae taka amylase, A, niger neutral 
amylase, the maltogeaic aiaylase form Bacillus MCIB 11837, 3. 
10 st:earociierji5opiiilus a-amylase, or Bacillus licbenxformis 

gubtilisin, An effective signal sef^uence is the A. oiz/^ae 
TAKA amylase sigtial, the Rhizomucor miehei aspartic 
proteinase signal and the EhiEomucQr miQbQi lipase signal. 

15 The procedures used to ligate the DNA coastx^uct of the 

invention, the promoter, terminator and other elements, 
respectively, and to insert then> into suitable vectors 
containing the information necessary for replication, are 
well known to persons skilled in the art (ef,, fox' instance, 

20 Ssmbrook et al. Molecular Cloning, 19891 . 

The cell of the invention either coiaprising a DBIIi 
construct or an expression vector of the invention as 
defined above is advantageonsly wsed as a host cell in the 

25 recombinant production of a enzyme of the invention. T'he 
cell may toe transformed with the Dt3A construct of the 
invention, conveniently by ititegrating the BUA constrnct in 
the host chromosome. This integration is generally con- 
sidered to toe an advantage as the BNA sequence is more 

30 likely to be stably maintained in the cell, integration of 
the DMA constructs into the host chromosome may be perfoirmed 
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according to conventional metiiods, e,g, by hoiRQiogotis or 
heterologous recombination. Alternatively, the cell may be 
tx'ans formed witli an expression vector as described above in 
connection with tlie different types of host cells. 

The host cell may be selected from prokaryotic cells, 
such as bacterial cells. Examples of suitable bacteria are 
gram positive bacteria siich as Bacillus subtiliSf Bacillus 
lichem formiB, Bacillus lentuB, Bacillus brevis, Sacillus 

10 stearothermopMluSf Bacillus alkalophilus, Bacillus 

msyloliQuefaciens, BaailluB coagulansf Bacillua ciraulamf 
BacilluB lautUB, Bacillus aiegaterium, Bacillus 
thuring-iensis, or Streptomyces lividanB or StreptomycBs 
mtirinuBf or gram negative bacteria such ae E.coll. The 

15 transformation of the bacteria may for instance be effected 
by jijrotoplast traiisforiaation or by using competent cells in 
a manner known per se. 

The best cell may also be a eukaryote, such as 
isaM&lian cells, insect cells, plant cells or pi*eferably 

20 fungal cells, including yeast and filamentous fungi. For 
example, useful mammalian cells include CHO or COS cells. A 
yeast host cell may be selected from a species of 
Saccharoiwc&s or SahizoBaccharomyc&s, e,g, Saccijarosfy-cea 
cerevisiae. Useful filamentous fungi may selected fix>i8 a 

2S species of Aspergillus t e»g. Aspex'gillus oryzae ox 

Aspez'gilluB nig&r. Alternatively, a strain of a Fusariojri 
species, e.g. F. oxysporumf can be used as a host cell. 
Fungal cells may be transformed by a. process involving px-oto- 
plast fonaation and transformation of the protoplasts fol- 

30 lowed by regeneration of the cell wall in a manner knowi per 
se, A suitable procedure for transformation of /Aspergillus 
host cells is described in KP 238 023 , A suitable method of 
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txaxiBioxmixxg Fusarium species is described by Malardier et 
ai., 1989, 

The present invention thus pi-oYxdes a Method of 
producing a recoisbinant laccase of the invention, wMcfe 

s method comprises cultivating a host cell as described above 
muder conditions conducive to the production of the enzyaie 
and recovering tlie essysBe from the cells and/or culture 
medium. The medium used to cultivate the cells may be any 
conventional medium suitable for growling the host cell in 

io question and obtaining expression of the laccase of the 
invention, suitable media are available from comoiercial 
suppliers or may be prepared according to published formulae 
(e.g. in catalogues of the American T^'pe Culture 
Collection) , 

IB The resulting enayme may be recovered from the medluHj 

by conventional procedures including separating the cells 
from the medium toy centrifugation or filtration, precipifcat- 
lag the proteinaceous components of the supernatant or fil- 
trate by ffieans of a salt, e.g. acimonium sulphate, follo'»'ed 

20 by purification by a variety of chromatographic procedures, 
e,g, ion exchange chroma tography, gel filtration 
chromatography, affinity chromatography, or the like. 
Preferably, the isolated protein is about 90% pure as 
determined SDS-PAGE, purity being most important in food, 

as juice or detergent applications. 

In a particularly preferred eitibodiment, the expjression 
of laccase is achieved in a fungal host cell, such as 
*%spex"ffillus. As described iii detail in the foilo-wlng 
examples, the laccase gene is ligated into a plasmid 

3S containing the Asp&rgilluB ox-yzae TAKA a~a3T>yiase px-omoter, 

and the Aspergillus nidulans amdS selectable marker, 
alternatively, the amdS may be on a separate plasmid and 
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used in co~transformation» The plasmid (or plasmids) is 
used to transform an Aspergillus species host ceil, such as 
A, ozyzae or A. niger In accordaiice with methods described 
in yeltOB et al. {PHAS USA 81: 1470-1474, 1984K 
5 Those skilled in the art will recognise that the 

inventioii is not limited to use of ttie nucleic acid 
fragments specifically disclosed herein, for example, in 
Figures 1 and 2. It will be apparent that the invention 
also eacorapasses those nucleotide sequences that encode the 

10 same amino acid sequences as depicted in Figures 1, 2 and 3, 
b«t vhich differ from those specifically depicted nucleotide 
sequences by virtue of the degeneracy of the genetic code, 
Xn addition, the invention also encompasses othar nucleotide 
fragments, and the proteins encoded thereby, which encode 

IS laccase proteins having substantially the same pB optimum as 
those of Rhizoctonia. solaxiif and which show a significant 
level of homology with the Shizoctonia soiani aMino acid 
sequence. For example, the present data show that mox^e than 
one species of Rhizoctonia produces a laccase with the 

20 desired pH profile,' it is therefore expected that other 
Mii^octonia species also produce sitsilar laccases and 
therefore, using the technology'' described herein, can be 
used as a source for genes within the scope of the claimed 
invention, hs also sho\<m in the present examples, not only 

2S is there mor"e than one nucleotide and amino acid segtJence 
that encodes a laccase with the re<5uired characteristics, 
there is also considerabie variation tolerated within the 
sequence while still producing a functional ensj^e. 
Therefoi'e, the invention also encoiapasses any variant 

30 nucleotide sequence, and the protein encoded thereby, \vfhich 
protein retains at least about an 80% homology with one or 
the other of the amino acid sequences depicted in Figures 1, 
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2 and 3, and retains both the laccase and pE optimum 
activity of the seQxiences described herein, in particular, 
variants wiiicii retain a high level (i.e., S: 80%) of homologs' 
at highly conserved regions of the Rhizoctonia laccase are 
5 contemplated. Such regions are identified as residues 458- 
469 in RSLACi, and 478~4S9 in RSLAC2f and residues 13i--14:4 
in RSLACI and 132- 145 in RSLAC2 . 

Useful variants within the categories defined afoiDve 
includa, for example, ones in vhich conservative amino acid 

w substitutions have been made, which substitutions do not 
significajitly affect the activity of the protein. By 
conservative substitution is meant thcit amino acids of the 
same class may be substituted toy any other of that class. 
For ejcample, the nonpolar aliphatic residues Jvla, Yal, iseu, 

IS and lie may be interchanged, as may be the basic residues 
Lys and hrg, or the acidic residues Asp and Glu« Similar iy, 
Ser and Tlu^ are conservative substitutions for each other, 
as are Asn and Gin. it will be apparent to the skilled 
artisan that such substitutions can be made outside the 

20 regions critical to the function of the rtiolecule and still 
result in an active enzyme. Retention of the desired 
activity can readily be deterrained by conducting a standard 
&BTS oxidation method in 0 . IM sodium phosphate at pH 7,0, 
The protein can be used in number of different 

2S industrial processes; although the enzyme is also functional 
to some extent at lower pH, the R. solanl laccase is most 
beneficially used in px-ocesses that are usually conducted at 
a neutral or alkaline pH, since other laccases ax'e not 
active in this pH range. These processes include 

30 polymerization of iigsin, both Kraft and lignosulfates, in 
solution, in order to produce a lignin with a higher 
molecular weight, A neutral/alkaline laccase is a 

-16- 



wo 9S/§79S8 



particular advantage in that Kraft lignin is irsore soluble; at 
higher pHg. Such ifssthods are described in, for example, Jin 
et al, , Holz for s Chung Mill t 467-468, 1991; US Patent Ho, 
4,432,921; EP 0 275 544; PCT/DK93/0021? , 1992. 
5 Tiie laccase of the present iiwexitioa can also be used 

for in~situ depolymerization of lignin in Kraft palp, 
tbereh^' producing a pulp with lower lignin content, Tliig 
use of laccase is aij improveiTient over the current use of 
chlorine for depolymerisation of lignin, which leads to the 

2.0 production of chlorinated aromatic compounds, \<rhich are an 
environmentally, undesirable by-product of paper mills. Such 
uses are described ix^, for example, Current opinion in 
Biotechnology 3.= 261-2S6, 1992; J, Biotechnol. 25.1 333-339, 
1992; Kiroi et al., svensk papperstidning ^: 162-166, 1B7€. 

15 Since the environment in a paper mill is typically alJcaiine, 
the present laccase is more useful for this puipose than 
other known laccases, which function best under acidic 
conditions. 

Oxidation of dyes and other chromophorie compounds 
20 leads to decolorization of the compounds. Laccase can be 
used for this purpose, which can be particularly 
advantageous in a situation in which a dye transfer between 
fabrics is undesirable, e.g., in the textile industry and in 
the detergent industry'. Methods for dye transfer inhibition 
25 and dye oxidation can be found in wo 92/01406. fiO 92/18683, 
EF 049S836 and Calvo, Mededalingen vaxi de Faculteit 
Landbouw~wetenschappen/Ri 3 iksuniversitet Gent 1565-15 67 , 
3- ^ 9 3^- * 

I'he present laccase can also be used for the 
30 poli'meri nation of phenolic compounds present in liquids. An 
example of such utility is the treatment of juices, such as 
apple juice, so that the laccase will accelerate a 



precipitation of the phenolic coirspounds present in the 
juice, thereby producing a Bore stable juice- Such 
applications have been described in stuta, Fi-uit processing 
7/93 , 248-252, 1993; Maier et al., Dt, Lebensnuttel- 
5 rindschau 86(51 ; 137-142, 1990; Dietrich et al,, Fiuss. Obst 
5? (2.)..; 67~?3, 1990. Th.e invention is further illustrated by 
the following non-limiting examples. 
EXAMPLES 

I ,prtrificafcion ^nd characterisation of solsni lacc.as^ 
10 individual isolates of i?, solani cultured on potato 

dextrose agar (Difco) are e.xamined for laccase enzyme 
formation by transferring a small piece of agar coxitaining 
vigorous growth to 100 ml CWM i 24.0 g potato dextrose 
broth, 3.0 g yeast extract, 1.0 ml Microelement solution 
IS [0.80 g KHsPOcs, 0.64 g CuSCrSHaO, 0,11 a PeSO^-lBp, 0.80 g 
MJiCl2*4H20, 0.15 g zoS04-7Hj.O, distilled water to 1000 mlj , 
distilled water to 1000 ml) in a 500 ml shake flask. 
Incubation is at room temperature, at 200 rpm on an orbital 
shaker . 

2Q Samples ax^e harvested at 50, 74, 122 and 170 hours, 

centrifuged and the clear supernatant analyzed for laccase 
^v'ith its ABTS {^TS-: 2 , 2 ' -aEinobis {3 ethylbenzothiaEOline- 
6~sulfonic acid) , The analysis is carried out adding 200 
p.1 of 2inM ABTS in 0.1 M phosphate buffer, pH 7, and 

25 observing the change in absorbance at 418 tm after 30 

minutes incubation at room temperature (approximately 23-25* 
C} . This method is modified fz'oro a pex^oxidase analysis 
method described by Hitter and Becker {Peroxidases, in; 
Bergmeyer, H.U. Ied.), Methods of En^yaatic ^alysis, 3rd 

30 ed.. Vol. Ill, pp. 286-293, 1983 5 

Each of the laccases harvested at 172 hours is 
electrophoretically separated and stained with ABTS as 
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chromogeiu Sevex*ai distinct patterns emerge? the strain RS 
22 is shown to produce a laccasfe having a basic pi, and is 
chosen for further character isat ion. 

Laccase activity is also determinable by the 
5 syringaldazine method. Laccase catalyzes the oxidation of 
syringaldasine to tetraaiethoxy azo bis-methylexie C(uinoiie 
under aerobic conditions, with a change of color from yellow 
to violet > 3000 \il of 25 tM acetate buffer (containing 
lOmg/l cuprisulfate, 5 H2O) at pH 5.5, 30"C, is mixed in a 1 

10 cm ciwette with 225 p,l 0.28 tm syringaldasine {5m 

goiufoilizad in 25 ml ethanol and adjusted to 50 ml with 
demineraiized water). The. mixture is then mixed with 100 |tl 
of a laccase dilution (diluted in acetate buffer so that the 
increase in absorba3ace{AOD) is within the range of 0.1-0.6), 

15 The reaction jaixture is placed in a 30 *C thermostated 

spectrophotometer and the reaction is followed at 530 na\ for 
10 to 70 seconds frois the addition of laccase. The activity 
of the enzyme is calculated as AOD/minute x 0.67? x dilution 
factor, and is expressed as LACU, 

20 For purification of the Rhizoctcmia laccase, 2,1 liter 

o£ culture medium with a hACU activity of 0.19 LAClT/ml is 
filter-ed through a 10 pis filter and concentrated to 230 tal 
by ultrafiltration using a Piltron Minisette CMEG& meERtox'ans 
with a cutoff value of 10 kDa. The pH of the sample is 5.3 

25 and the activity of the concentrated saKpi© is determined to 
be 3.34 L&CU/ml. 

After pK adjustment to 4 . 5 and filtration due to slight 
precipitation, the sample is applied to a 40 ml S Sepharose 
Fast Flow column equilibrated with 20im acetate buffer at pH 

30 4.5 (buffer A) , The column is washed in buffer A and eluted 
with buffer A containing 1 M MaCl. Active fractions are 
collected and pooled. This active pool is concentrated and 
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buffer exchanged to buffer a using an Amicon uitraf ilcration 
tmit eg^iippsd witli a Diaflo Y^JlO jna^&trane. This sample is 
rechromatographed on a 5 ml S Sepharose High Ferforisance 
coliaifiii using the method described abo\'-e except that elution 

5 is carried out with a linear gradient over 30 colurtm volumes 
from buffer A to buffer A containing 0.5 M NaCl. Tbe 
fractions from tliis purification exiiitiiting higbest activity 
are pooled. Approxiffiately 45 mg laccase are obtained, whan 
protein concentration is estimated by one absorption unit at 

io A2B0 rm equal to Img/ml, The protein is >90% pure as judged 
by SDS-FAGE. The Molecular weight estimated by SDS-pase is 
approximately 67 kDa. The specific activity of the purified 
protein is 1 hACV/mg, The pH profile of the purified 
protein, using syringaldas:ine as subetrate is show in Table 

15 1, below. 

f-able 1 - 

pH 5 6 1 a 

20 % activity 0.5 31 100 59 

For sequencing of the protein, peptides are generated 
using wither a lysine-specif ic protease from Achx-omoMcter 
{AchToxaobacter protease 1) or a glutamic acid specific 

25 protease from Bacillus lichenifo.nr!e,«. The peptides are 

purified by reverse phase hplc employing linear gradients of 
80% 2-propanol containing 0,08% aqueous TFA {solvent B) in 
0.1% aqueous TF.?i. {solveiit A). 

terminal amino acid sequence analysis of the intact 

30 protein and o£ purified peptides are carried out in an 

Applied Biosys terns 47 3 A protein sequencer according to the 
manufacturer's instructions. Initial partial sequencing of 
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the isolated protein yields the following N-terminal 
sequence; 

AVI^mXPDIKNVWVAPDGFQRE'IVSV (SEQ. ID. HO. t 5) 
The protein is then digested with either a lysiae- or 
5 gliitamic-acid specific protease, and following additional 
peptides identified. Peptides 1-4 can be aligaed with 
sequences ixi the laccaae of Coi-iolus hirsutusi 
Peptide 1; 

$QYVDGLRGPL\^IYDPDDDH (SEQ. ID. MOc 6) 
10 Paptide 2; 

QhMNWmmSQmmVQSYQ^Dm (SEQ. ID, NO.: 7) 
Peptide 3: 

SRYBVBBASa^VWELEBWYirFPaXVLE (SEQ. ID. NO. 8) 
Peptide 4: 

3.5 SLGPTPmmWIRDVYRVGGTTW (SEQ, IB. MO, 9) 

Peptide 5t 

IRY¥GGFA\?>IiM?)BSVI (SEQ, ID, HO,: 105 
Peptide 6 : 

ILIiHPA (SEQ. ID. NO.: 11) 
20 Peptide 7 : 

YEAPSLPT (SEQ. ID, MO.; 12) 
An K in the above sequences designates an tinidentif led 
residue, and B represents a residue which is either aspartic 
acid or asparagine. 

25 

l.t.lgMai;.i..aR....a£-,.8.. Bp23.Bl..2M£-s:i.^^.&...M&im, 

A Study of the kaowii amino acid sequences of fungal 
laccases obtain-ed. from non-sisi^ocfconia species (Choi et al-, 
supra; G&rmm et al., supra; Saloheiino et al. supra? and 
30 Kojima et al, supra) is conducted to determine the presence 
of consensus sec|uences among them. Two regions of high 
identity* IIS'ffiGFFQ and TFWYHSH, ax"e found near the amino 
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t«r»inal third of the protein. Based on these consensus 
Bemencm and the corresponding Dm segaences, three 
degenerate oligomcleotides, 0-Iac2 

tTGG/AAAGACCATA/GGTGTCG/AGTA/Gh its complement 0-lac2r, aad 

S 0~lac3 f ATCCAT/CTGGCAT/CGGG/CA/TTCTTCCAG/A] , are synthesized 
tisiiig an Applied Biosys terns 394. Dm/RMA synthesizer* 

The synthesized oiigos are used in a poXyiaerase chain 
reaction IPCE) to screen Rhizoctonia SGlani genomic EUA for 
a laccase gene or fraginent thereof. For amplifications of 

1C5 ganoniic DKA, 0,5 tig of genomic DNA is incubated with 1|M of 
each primer, aoopM of dNTPs, and 1 ti tag polymerase 
lEoehringer Mamiheim) in [10 ssM Tris~Cl, 1.5 MgCia. 50 m^l 
KCl, 1 mg/ml gelatine ;pH 8.3]. The reactions are incubated 
for 1x5 minutes at 95 "C, 30x[l minute at 95 *C, 1 minute at 

IS 50-60 *C, 1 mimite at 72 *C], and 1x5 minutes at 72 *C. The 
PCR reactions amplify a DMA fragment of 220 nucleotides. 
The PCR product is cloned, according to manufacturer's 
directions, into the Th cloning vector UnVitrogen Corp.). 
Characterisation of the PCR product by DMA sequencing of 

20 individual clones distinguishes two separate laccase genes 
designated ESlacl and HSiac2. 

To prepare a i?, Bolani genomic librari'', ^. solani DMA 
is partially digested with restriction enzryme Sau3A, and 
electrophoresed throiigh a 0»8% Sea Plague Agarose (FMC 

as Bioproducts} in a Tr is /Acetate /EDTA buffer to isolate those 
DNA £ragrt\ents between 8.0 an 21 kb in size. The gel 
fractionated fragments are further purified with Beta- 
AgaraseSMew England Biolabs) according to manufacturer's 
ii^struction, and then iigated to lambda phage BMBL3 arms 

30 with BamHi ends. The resulting phages are packaged in yitro 
using Gigapack ii packaging extract (Stratagene) . 25 ml of 
TB media40*2% maltose and 10 MgSO^ is inoculated into a 50 p-l 
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aliqiioc of an overnight culture of E. coli K802 (supH, hsdR, 
gal, metB) and incubated at 37 "C with sliaking until the 
&600=0.5, 25 |il of a 1:10 and 1:50 dilution of the packaged 
phage are mixed with 250 |ii of the KB 02 cells, and incubated 
5 for 20 minutes at 37 *C. To each dilution, 5 \kl of melted 
top agar at 48 'C are added. The mix- is then plated onto 
prewarmed LB plates and tncuJsated at 37 *C for at least 12 
hours. From these phage, a library,-' of 170? 000 plaques in 
S,aoli K802 is created and aispiified lOO-fold for future 
10 use> 

To screen for the laccase gene# 25,000 places £roa\ the 
amplified genomic library are plated onto l?JSY/agarose plates 
for plague lifts using conventional methods. Filters are 
sox-eened using the 220 nucleotide PGR fragnient randomly 

IS labelled to SxlO^ cpm/p.g as a probe. Filters are hybridised 
in 50% fox-ffiamide, 6xSSC for 16 hours at 42 *C and virashed mth 
O.SxSSC, 0.1% SDS at 65 *C. Positive clones are picked and 
rescreened using conventional methods. The nine positive 
clones identified fell into two classes that by DHA sequence 

2(i analysis are shorn to code for two different laccase genes, 
^<Slacl and RSJ.ac2. The coiaplete nucleotide sequence of each 
of these genes is determined using fluorescent nucleotides 
and an Applied Biosystems automatic DMA seiguencer (Model 
363A,, version 1,2,0). The nucleotide and predicted amino 

2S acid seciuences are depicted in Figures 1 axid 2. 

For isolation of RSlacS, poly A BMA purified from R. 
aolani aiycelia grown in the presence of 1 i?M ajiisidine is 
used as a template for cTMh synthesis using standard 
protocols. The cDK?:^ is fs-actionated bi" electrophoresis 

30 through a 0.8% agarose gel and &MA fragments between 1,7 and 
3,5 kb in size are collected. A library' is then created l:^' 
cloning the size-fractionated CDHA into the yeast expression 



vector pYES2, 3000 yeast tx-ansfomants frota this librasy 
are plated initially on YKm {1,7 g yeast nitrogen base 
without afiiino acids, 5 g (^4)2^04 par liter) with 2% 
glucose. After 4 days growth at 30 'C, the resulting 
5 colonies are replica plated to YNB with 0.1% glucose, 2% 
galaccose and 2\m abts {2, 2 ' -asino-bis ^3~ 
ethylbensth^a^olin.e-6-s■i.llf onic acid; Sigma # A~18S81 . After 
24 hours of growth at 30 'C a single colony has a light green 
halo which gradually turns a dark purple. The plasmid from 

in this colony is isolated and the insert sequenced. The 
sequence of the translated portion of the RSlac3 gene and 
protein is shovm in SEQ.ID HOS. 13 and 14, and in Figure 4, 
3, Ex pression of laccase gene 

The plasiaid pl#JE~l is a pUC derived vector containing 

IS the TAKA aiaylase transcription regulation signals and the 
TAKA amylase signal seoiience. This plasmid is engineered 
with a unique Sfil site at the signal segnance cleavage 
site, and a 3' adjacent Hsil site snch that these two 
restriction enzymes can be used to introduce, in frame, a 

20 foreign protein. Using a PCH reaction { conducted as 
described above, but with 100 ng of the appropriate 
linear i2;ed plasmid DNA as a template) and inutagenisjed 
primers, an Sfil site is introduced at aiBino acid 12 and 
asRino acid 14 of RSlacl and RSlac2, respactively, such that 

25 the protein coding sequences are in frame with the TAKA 
signal sequence. In addition, a PCR amplification is axso 
used to introduce a PstI site (CTGCAO) at the 3* end of 
RSiacl and an Nsil site CATGCAT) at the 3' end of RSlacl. 

30 To prepare for transformation , cells of Asp&rgilluB 

oxyzae are cultivated in. YPG (lg/1 yeast extract, 0,25 g 
K2PO4. 0,125 g/MgS04, 3.75 g glucose) at 34 *C with 100-i20rpm 
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for 1S~20 hours, then collected by filtration with 
miracloth. Cells are washed with Mg solution fO.SM 
MgSO^-YHgO), then 2-6 g of cells a.re taken up in 10 ml 

MgP{1.2M M9SO4-7H2O, lOmM NaHaPO^-aHjOjpH 5,8) .To this is 

5 added 1 ml of Movozyae® 234 {120 log/ml MgP) > am. the sample 
kept on ice fox- S adnutes, Oiie ml of BSK 112 ag/ml) is 
added, and the saifsple shaken getitly at 34-37*C. Pr-otopiasts 
are collected by filtration through miracloth, and owrlaia 
with 5 ml of ST (0,6 H Sorbitol, WQim Trissj pH 7). The 

10 sample is spxin at 2500 rpra for 15 minutes, and a band of 
protoplasts collected. Two volumes of STC (1.2M Sorbitol, 
10 ifiM tris, 10 wM CaCl2-2H20;pH 7,5) are added and the sasiple 

is spun at 2500 rpm for 5 minutes. The precipitate is washed 
twice with 5 lal o£ STC, and the px'otoplasts suspended in 

15 O.S~lml of STC. 

For the trans forinat ion process, the protoplast 
concentration is adjusted to l~5xl0'?/ml. To 100 pi of 
protoplast solution is added a maximum of 10 |,il of DHA 
solution (5-10 \ig of supercoiled DMA) and 0.2 ml of PEG 

20 {60% PEG40QG, IQm. Tris, lOmM CaCia^HaO; pH 7. 5), and the 

combination is mixed well. The sample is kept at room 
temperattire for 25 minutes; then to it is added first 0,2 ml 
PEG, with mixing, the 0.85 ml PEG ^^?ith mixing. The mixture 
is kept at roois temperature for 20 minutes, then spun at 

2S 4000 rpm for 15 minutes. The precipitate is washed with 2 
mi of STC by spinning at 2S00 rpm for 10 minutes. The 
protoplasts are resuspended in 0.2-0,5 ml of STC, and then 
spread on COVE plates. COVE medium (pH 7) contains 342,3 g/1 
sucrose, 25 g/I agar and a salt solution comprising 26 g/1 

30 KCl, 26 g/1 MgS04*H20, 76 g/1 KH2PO4, and 50 mi/1 of trace 
mtetals; the trace metals are 40 mg/1 MaB^O? • lOH-p, 400 mg/1 
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CUSO4-5H2O, 1200mg/l FeSO^-IHaO, ?00ing/l MnSO^-HgO, 800mg/l 
}^a#oO2-2H20, 10 g/i 2nSO4-7H20) . Af ter autociaving, 10 ml / I 
of IM filtrated acet amide aad 5-10 ml of 3H CsCl are added 
to the solution. Traasforfliants are selected fc^-' growth cells 
5 on CO¥E medium which contains acetaittide as the carbon 
source . 

The conf ii-mation of iaccase production in the samples 
is deter^mined by the ABTS oxidation method as described 
above on Cove medium with 2 inM ABTS , at pH 5 and ? , 3 . Both 

10 RSlacl and RSlac2 express Iaccase activity at pE 5 and pH 
in contrast with a control Iaccase which shows substantially 
no activity at pH 7.3, 

The products of the expression of each of RSIacl and 
RSiac2 are tested for oxidase activity at various pBs nsiiig 

as syringaldasine as the substrate. The assay is conducted 

substantially as described ahove for the assay of the native 
proteixi, over pK range of 4-9, As shown in Figures 5 and 6, 
both laccases are active at pHs over pH 5, and RSlacl has 
partictjlarly good activity at pHs over 6, The pattern of 

20 activity is generally comparable to that observed for the 
RSIac3 Iaccase isolated from RS 22 (see Table 1 above) , with 
RSiacl exhibiting the broadest range of activity. 



25 under the terms of the Budapest Treaty in the International 
Mycologicai Institute, Genetic Resource Reference 
Collection, located at Bakeham Lane, Egham, surrey T^^"20 $T'i' 
and given the following accession nnmbar. 



pepo ^lt of Biolog leal .Materials 
The following biological materials have been deposit 
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RhizoctQXiia solani RS22 




I2«!I CC 358730 
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The foiiowing biological materials Imve been deposited 
under tbe teruis of the Buciapest Treaty with the Agr,lc«ltiiral 
Resear'ch Service Patent Culture Collection, northern 
Regional Research center,, 1815 university Street, Peoria, 
5 Illinois, 61604 and given the following accession nimibers. 

E, coll containing RSiacl fused to i^RRL B--2114i 
an a~amylase signal segiience 
{mcc 0GB M) 

J 

E, coli containing SSiac2 with an HRRL B--21142 

SfiX site insert 
(mvicc 00845) 



15 E, coli containing RSlac3 tsJRRi. 8-21156 

(BMCC 0088) 
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{2) I^IFOJmTION FOR SEQ ID NO:!: 

(i) SEatfEJ-JCE CEKRACTWRimiCS : 

(A) liEJSJGTH; 2838 base pairs 

(B) TYPS: nucleic acid 
(C; STSAi'lBEDNESS s single 
(D) TOPOLOGY; linear 

(ii) HOLECULE TfBMi DMA (geacitiic) 

(Vi) ORiaiHAL SOURCE: 

{A) ORGAKISM; Siiiaoctonia laccase 

(ix) FESTORE: 

{&) HMffi/KEY: intrott 

{ B ) LOCATIOM ; 302,-351 

{ l3cj FEkTyRBs 

ik) MMm/mYi introti 

( B ) LOCM'IOH 5 4 6 3 512 

ik) nsm/KBYi iatron 

(B) LOCATIOM: 576 -.633 

(A} MAME/K-EY; intron 

{ B } LOCATl OH : 7 6 0 8 18 

(ix) FE?OTSE; 

{B) tOCAfrOMs 822.. a77 

{A;- WMtS/KEY; intron 

{ B ) LOCATION ; 1 0 0 1 1 0 5 4 

(iX) FBATaRE! 

{A) KAME/KBY; introB 

JB) LOCATIOHs 13 16,. 1372 

(ix) FBaTOSEs 

(a J MM^/KEY: iiitran 

iB) LOCATION; 16S7<,17S4 

fix} fmTtJRE; 

ik} NMJE/KEiT; intron 

CB) LOCATIOMt lS27.aSS0 

(ix) FE^iTURS: 

m mmm/KMi intron 

(£) LOCATION: 1932-. 2051 

(A) RAI'tE/KSYi introR 

(B) LOCj^TIOM: 2lS?..2a06 

{ix| FSATD?iEj 

(A) HAME/KSYs iatron 

( B ) LOCATIOH : 2 3 4 8 2 4 0 4 

(ix) FlATOREt 
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ih) HAHS/KE'fi introx! 

(B) LOCATION 1 2438.-2498 

(ix) FEATURE; 

CA) nmE/KWit CDS 

CB) LOCATION; ioin(i70 , , 301 , 513.. 575, 634.. 759, SIS 

,,821, S7S,,1000, 1055.. 1315, 1373.. 1696, 17SS 
,.1826, 1881,, 1991, 2052.. 2156, 2207,. 2347, 240B 
.,2437, 2499,, 2S21) 



{xi) SEQUENCE DESCRIPTXOM: SEQ. I» HO; It 

AGCGl'CACft.C CASACMCGG ATOMAACGG hhAGTOThTG CGCCATTl'GA CGTCTOCSGC €0 

MCCAC?B3?^' CATCTCaCGIk OCT&a.CA'TGG GC<3,2iCGTATA AGAAQAACGC GAGAAI^aC 120 

AGA^TTCe&T ATCCCCTCTC GTCTCGGTOT TGCTCTCGQC TTOCCTCTA ATG aCG 175 

Mst Ala 



CCC ACC ACT TTC Cil- QTC TCS GTT TCG CTC TTT GTT TCC GOT aTT CTT 223 
Ikrg ^hr Thr I%e t<eu Val Ser Val Ser LSsU PH«i Val S«r Ala Val L9« 
S 10 IS 

Oa" CGC ACC GTC GAG TAC C3GC 'VTQ AAG &TT AGT GAT GGG GAG ATA GCT 271 
Ala Arc? Thr Val Glu Tyr Qly Lou Ly» II* Sar Asp Qly Olu lie Ala 
20 25 30 

CCT GAC am- GTT AAG CSST AAT GCG ACT TTG GTACGCACTC CTTGTAATCC 321 
Pro Asp CSlv Val Lys Arg Asn Ala Thr Leu 
3S ' 40 

MS:mTlVMi QGTSrSCmAT GCTTCSGTCAO GTA »3A QQQ TAT CCC GGT CCA 375 

Val Asn Gly Gl^' Tyr Gljf' Pro 

4S SO 

CTC ATT TTT OCC AAC AAG GGG GAT ACT CTC AAA GTC AAG GTC CA?i. ?iAC 423 
Is©u lie Phe Ala Asn Lys Gly Asp Thr Leu Lys Val Lys Val Gin Asn 
SS 60 65 

AAG CTC ACG AAT CCT GAG ATG TAT CGC ACC ACT TCC ATC GTAT3TTCGT 472 
Lvs ij.eu Thr Asn Pro Glu Met Tyx Arg Thr Thr Ser lie 
70 75 80 

TCGATATCTA CTAATACATC COTCGCTAAa. TATCTTGTAG CAT TGG CAC CSGT CTC 527 

Bis Trp His Gly tifeu 
85 

TTA CKk CAT AGA AAC OCC SAC GAC GAC OGT CCT TCG TTC GTC ACf CAG 575 
h&u Gin His Ara Asn Ala Asp Assj> Asp Gly Pro S®r Phe Val Thr Gin 
90 S5 100 

GTAGGATTCT GOAAGOTTGG CCTQAACTCT CTGTTAACCG ACAACCCGAT GTCACCAG S3 3 

1t?C CCG ATT OTT CCA CGC G,^G TCG TAT ACT TAC ACC ATA CCT CTG GAC 681 
Cys Pro lie Val Pro Arg Glu Sar Tyr Thr Tyr Thr lie Fro Leu Asp 
105 110 115 

G.SiT CAA ACC GGA ACC TAT TGG TAC CAT AGC CAC TTG AGT TCG CAA TAC 729 
Asp Gin Thr Gly Thr Tyr Tirp Tj^'r His B&r His L^u Ser S«r Glw Tyr 
120 125 130 

CTT GAT GOT CTT CCA GGC CCG CTG GTA ATC GTGAGTATCT TOACTTGTCT 779 
Val Asp Gly Lsu Arg Gly Fro Leu Val 11® 
135 140 
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ACrsaJAG^CA ACGAGACTAA A&CAAGCGTC GATTCACAQ TAT GTICGTCTCC S31 

145 

ccfWA'rrm GcrcrGGATc i'tcatttctc acoTA&TAc?!. ixsatag g.%,t ccc aag sss 

Asp Pro Lys5 



GAT CCT CAC AGO CGT TtXi TAT QkT GfT GAC OAT GAG AAG ACC GTC CIK3 934 
Asp Pro His Arc; M'a L«u T^'r Asp Val Asp Asp Gl« Ly« "Hsa: Val Lsu 
ISO 155 160 

AT'C ATC GCST GAC TGG TAT CAT CAA TCG TCC A&G OCA ATC CTT GCT TCT 982 
lie lie aiv Asp Txp Tyr His Giu Set Ser Lys Aia 21© L®u Ala Ser 
163 170 175. 180 

GOT lUSiC ATT ACC CSA CAG GTAAGTGx^xTA CATGCCGGTC CCAGMAAAT 1030 
Gly Asn He Thr Ax-g Gin 
185 

TCTCTMATr CATTTf AATT ACAG CGA CCG GTC TCT GCC ACC ATC AAC GGC 1081 

Arg Pro Val Ser Ala Thr lie Asn Gly 
190 195 

AAA GGT CGA TTT GAC CCT GAC ARC ACT CCT GCC A&C CCA Q.AT ACT CTG 1129 
LyB Glv Arg Ph« Asp Pro Asp Asi^ Thr Pro Ala Asr. Pro Assp Thr lieu 
200 205 210 

T&C ACC CTC AAG GTC hhG CGA QGQ AAC? CGC TAT COT CTC CGT GTC ATC 1177 
T^'r Thr Leu Lys Val Lys Arg Gly Lys Arg 'k'yr Ara Leu Arg Val lie 
215 220 225 

AAT AOC TCG O&G ATC GCT TCG TTC CC»A TTC AOT 01'G GAA GOT CAC AAG 1225 
Asn Ser S&r Glu 21© Ala Ssr Phe Ar« Mie Ser Val Qln Gly His Lys 
23S 235 ' 240 

GTG ACT GTG ATT GCT GCC GAT GGC GTC TCT ACC AAA CCG TAT CAO GTC 1273 
V&l Thr Val lie Ala Ala Asp Gly Val Ser Thr Lys Pro Tyr Cln Val 
245 250 255 

GAT OCG ri=T GAT AT? CTA GC.^ OQA CAG CGC AT>A GAT TGC GTC 1315 
Asp Ala Fhe Asp Xle Lsu Ala Gly G1j:v Arg lie Asp Cvs Val 
260 265 270 

GTAAGTG'PCG TCCOAACCCA CATCTOAOCT CAAGTGTTaA TACATGCGCG CTTATAG 1372 

OTG QkG QCQ AAC CAA OAA CCC QAC ACA TAC TCC ATC AAC GCA CCG CTG 1420 
Val Glu Ala Asn Gin Glu Pro Asp Thr Ti-r Trp lie Asn Ala Pro Leu 
275 280 285 

ACC AAC GIG CCC AAC AAG ACC GCT CAG GCT CTC CTC GTT TAT QAQ GAG 1468 
Thr Asn Val Pro Asa X.vs Thr Ala Gin Ala Leu Leu Val Tyr Qlu Glu 
290 295 300 305 

GAT CGT CGG CCG TAC CAC CCT CCA AAG GGC CCG TAT CGC AAG TGG AGC ISl^ 
Asp Arq- Arcf Pro Tvr His Fro Pro Lys Gly pro Tyr Arg Lys Trp Ssr 
310 315 320 

GTC TCT GAG GCG ATC ATC AAG TAC TGG AAT CAC AAG CAC AAG CAC GGA iS64 
Val Ser Gia Ala Ha lie Lys Tyr Trp Asa His Lys Sis Lys His Glv 
325 330 335 

CGT GGT Tm CTG TCT GOA CAT GGA GGT CTC AAG GCT CGG ATG ATC GAG 1612 
Arg Gly L&u Leu Ser Gly His Gly Gly Lsu Lys Ala Arg Met He Glu 
340 345 350 

GGT AGC CAT CAT Cf>3 CAT TCG CGC AGC GTC GTT AAG CGC CAG MT GAG 1660 
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Qiy Ser His Kis L6:u His Ser ^vrg Ser Vai v«l Lys Ar?; Gin Asn Givs 
355 360 365 

ACC ACC ACT QTT GTA ATQ QKC GAG AGC AAG CTC GT? GTA&GTACCA 1706 
^'hr Thr Thr Val "'/al Met Asp Glu S@r Lys L«u Val 
370 375 380 

TATTTAAaAG TTGG'm3(5GT TTCGMThCT TATTl'CMkCT TTTCTTAG CCA CfO CAA 17^3 

Pro Leu Glu 

The CCC GOC GCT OCA TOC GGCS TCP AAA CCT OCT OAC CTC OTC TTG OAT ISll 
'Pyr Pro Gly Ala Ala Cys Gly Ser Lys Fro Ala Asp L®u VaX L©u Asp 
385 390 355 400 

C1*C ACf TTT GOT TTQ GTAf<GTAGCC MATCGCCCA TATACAGGAT ACTOAATATT leSS 
Itsu Thr Ph® Gly LSiU 
40S 

G1TTGTGCGT GTAG AAC TTT OCT ACC GGG CAC TGG AIKS A1C AAC GOT ATC 151$ 
Asa Phe Ala Thr Gly His "Trp Met lie Asn Gly II® 
410 415 

CCA TAC G^G TCT CCC AAA ATC CCC ACA TTG CTC AAG ATC CTC ACT GAT IS 64 

Pro Tyr Glu Sar &iro Lys lie Pro Thr l»eu Leu Lys He Le\3. Thr Asp 
420 425 ■ 430 

GAG GAC GGG 3TT ACC am TCT QhC TTC GTAISTTCCC TTTTCGGTAT 2S11 
Glu Asp Gly Val Thr Glu Sar Ab» Phe 
43 S 440 

CTTCGTATCC GTGCACTGAC TCGTOCTGGT GGGAATTTAG ACC AAG GAG GAG CAC 20S€ 

Thr Lys Glu Glu His 
445 

.^CA Gir mk CTC CCa AAO AAC AAA TOC ATC GAA TTC AAC ATC AAG OGS 2114 
Thr Val Xle lieu Pro Lys Asn Lys Cys lie Glu Fhe Asn Il« Lvs Gly 
4S0 455 4S0 

AAC TCG SGT ATT CCC ATT ACG CAC CCC GTA CAT CTT CAC GOT 21S6 
ten Sar Gly He Pro He Thr His Fro Val Els Leu His Glv 
465 470 47 S 

GTAAGIQCAT Al'CGGAl'GOT TTACGATACT AAGGCTCATC AACTTTTTAG CAC ACT 2212 

His Thr 

TGG GAT GTC GTA CAA TTf 03C AAC AAC CCA CCC AAT TAT GTC AAT OCT 2266 
Trp Asp Val Val Gin Fhe Gly Asii Asn Pro Pro Asn Tyr Val. Asn Pro 
480 485 4l>0 495 

CCC CGT AGG GAC GTG GTT GGC TCT ACA GAT GCG GGT GTS AGG ATT CAG 2308 
Pre Arg Arg Asp VaX Val Gly Ser Thr Asp Ala Gly Val Arg lie Gla 
500 SOS 510 

TTC AkG ACC GAC AkT CCA GGA CCG TGG TTC CTG CAC TGC GTGCGTCOOT 2357 
Ph« Lys Thr Asp Asn Pro Gly Pro Trp Phe Lsu His C>'s 
515 S20 

CCCCATCGTC CGTTATGGTT TTTCTAATAC GTCCCATTCT ATTTTAO CAT ATT GAC 2413 

Hi» He Asp 

TOS CAT CTT GAG Qm GGT TTC GCA OlSGAGTACTiS AGACCTAAJ3T GCTACTCGQC 2467 
Trp His Glu Glu Gly Phe Ala 
S30 535 
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TChTThCT&h TTkCC&CATG T&ll^CGTCTA G A-l'O <3TG GtT OAA. OCG CCC 2 SIS 

Met Val Ph«i Ala <3iu Ala S>ro 
540 

>3M. GCC STC AAG QGA G<ST CCA AAG AOC OTO QCC GT<3 GAC TCP CAO 2Sg? 
Giu M& Val Lys Qlv Gly Lys S©r Val Ala Val Asc> Ser Gin Tvd 
54S 550 555 

GAA see CTQ TQT <SQC AAG mC GAC AAC TGC CTA AAA TCA AAT CCG GGC 2615 
Gin ely Leis Cys Gly hys Tyr Asp Asn "Trp L«u Lys Ser Asn Pro Oly 
560 565 570 

CAG CTG TAGCSCGTATC GCAQCCACAT TGsGTGATaAT TaMAGTTGC A1?CTT0TTCC 2 €71 

Gin Leu 

575 

TATAACCSGC TCTTATATAC eeSTS'TCTCC CAGfAAAGTC GTAGCCCAAT TTCAOCCGAG 2731 

ACftSftTATTT AGTGSACTCT TACTCTTGTG TCCCA'FIXSAC GCACATCGl"? GCATCMACC 2791 

TCC'TTFTTAT CGTCCCTCTT TGTMTTrQT GfTGCIXSTM fGTATCG 2S3S 



(2) IJ?F0R»aT10N FOR BMQ W mt2t 

(i) SBQUSHCE CHARACTERISTICS: 

(A) I.SHGTHt 576 aroiao acids 
{S) T!£'S>E; araina acid 
{O) TOgOX^OGYs linear 

(li) MOLECULE TYPE: pjrofcein 

Cxi) SKQUSHCE DESCRIPTION; SSQ ID mt2'. 

mt Ala Arg Thr Thr phe Leu Yal S©r Val Ser Leu Fhe ¥al Sar Ala 
1 S 10 15 

V&l Leu Ala Ara Tar Val Glu Tyx Qly Leu Lys He Ser Asp Gly Glu 
20 25 30 

lis Ala Pro Asp Gly Val Lys Arg Ass Ala Thr Leu Val Asa Gly Glv 
35 40 45 

^/r £>ro Gly Pro L«u Il« E'he Ala Asn Lys Gly Asp Thr heu Lys Vq.1 
50 SS 60 

Lys Val Glrs Asn Lys Leu Thr Asn Fro Glu Met Tyr Arg Thr Thr Ser 
65 70 75 SO 

lie His Trp His Gly Leu Leu Glu His Arc? Ag!\ Ala Asp Asp Asp Gly 
85 90 $5 

fro Ser Phs Val Tte Gin Ci's Pro lie Val Pro Arg Glu Ser Tyr Thr 
100 105 110 

tyr Thr He Pro Leu Asp Asp Gin Tiir Gly Tbr Tyr Trp ^yr His Ser 
lis laO ■ 125 

His Leu Ser Ser Gin T^'r Val Asp Gly Le« Arg Glv Pro Leu Val He 
130 135 140 

Tyr Asp Pro Lys Asp Pro His Arg Arg Leu Tyr Asp Val Asp Asp Glu 
145 ISO ISS 160 

L-ys Thr Val Leu He He Qly Asp Trts Tyr His Glu Ssr Ser Lys Ala 
1€S 170 175 
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lie jfj©u -Ala Ser Gly Asa He Thr Arg Gin Arg Pro Val Sex lilet Thr 
180 ' 185 190 

lie Asji Glv Lvs Glv Arg Phe Asp Pro Asp Asa Thr Pro Ala Asm Piro 
ISS ' 300 2 OS 

Asp Thr Lsu T)ir Thr Leu Lys Va.1 Lys Arg Gly Lys Arg Tyx Arg Leu 
2X0 21S 220 

x%rg ¥ai lie Asn Ssr S©r Glu lie Ser Fhe Arq Phe Ser ¥al Olu 

225 230 235 24& 

Gly His Lvs V&l Thr Val lis Ala Ala Asp Oiy Val Ser Thr Lys Pro 
24S 250 255 

l^r Qln ¥ai Asp Ala Phs Asp lis Lsu Ala Gly Gin Arg lie Asp Cyg 
260 265 270 

Val Vai C5l« Ala Asn Gin Glu PrD Asp Thr Tyr Trp lie Asa Ala Pro 
275 280 28S 

Leu Thr Asti Val Fro h&n Lys Thr Ala Oln Ala Lmj Leu ¥al Tyr Glu 
2:99 29S 300 

Glu Ast> Arcs Arg Pro Tyr His Pro Pro Lys aly Pro IVr Arg Lvs Trp 
305 310 -315 320 

Ser ¥ai S>sr Olu Ala He Il« Lys 1%'^" 'i'^'P Asrt Eis Lys His Lys His 
325 ' 330 33S 

Gly Ara Glv L®u L«u Ser Gly His Gly Gly Leu Lys Ala Arg Met Il« 
340 345 350 

Glu Gly Ser His His L®u His Ser Arg Ser Val Val Lys Arcr Gin Asn 
3S5 360 3SS 

Glu Thr Thr Thr Val Val Met Asp Glu Ser Lys Leu Val Pro Leu Glu 
370 37S 3S0 

Hyx Fro Oly Al« Ala Cys Gly Ser Lys Pro Ala Asp Lsa Val L«u Ak» 
385 3S0 395 400 

L«u Thr Phe Gly Letj Asa Phe Ala Thr Gly Ei» ITp Met He Asn Glv 
4Q5 410 415 

lie Pro Tyr Glu Ser Pro Lys lie Pro Thr Leti Lau Lys 11® Lsu Thr 
420 425 430 

As» Glu Asp Glv Val Thr Glu Ser Asp Phe Thr Lys Glu Glu His Thr 
435 440 44B 

Val lie Leu Pro Lys Asn Lys Cys- He Glu Phe Asn He Lys Gly Agn 
450 ■ 455 460 

Ser Gly He Pro He Thr His Pro Val His L«s« Hiss Gly His Thr Trp 
US 470 . 475 480 

Asi> Val Val Glri Phe Gly Asn Asn Pro Pro Asn T^'r Val Aan Pro Pro 
485 490 495 

Arg Arg Asp Val Val Gly Ssr Thr Aisp Ala Olv Val Ara lie Olrs Phe 
500 505 510 

Lvs Thr Asp Asn Pro Gly Pro Trp Phe Leu His Oys His He Asp Trp 
515 520 525 

His Leu Glu Glu Gly Phe Ala Met Val Phe Ala Glu Ala Pre Glu Ala 

...34.. 
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S30 535 540 

¥al liys G.\y Oly Pro Lys Ssr Val Ma Val Mp Ser Gin Trp Glxt Sly 
S45 550 S55 5S0 

Leu Cyes Qiy Lyj5 'Tyr Asd Asn Trp Leu Lvs Ssr Asn Pro Gly Gin Ley 
S65 570 575 



(2) tmosmSKM FOR SEQ ID N0s3s 

{il SEQUE^^CB CHABACTERlSTlCSt 

CA) LEMOTH: 311? base jjsiirg 
(3) T)fPEi nucleic aaid 
{C) S'TRAJJDEDNESS : singXs 
m TOPOLOGY; linear 

Cii) MOLECULE WPE: ONA (genotnie) 

Cvi ) ORIO»?M. SOORCK: 

(A) ORGAMISM: RhiEOCtonia laccass 

ik} t^mm/m^'t cm 

{3} LOCATION: join (393 S24 , 5?'?-, 687, 73?. ,799, SSO. ,585, 1043 
..1045, 109?.. 1219, 12-69, -153B, 1601.. 1996, 2047 
2174.. 2284, 2338..2439, 2495. .2S35, 2S93 
..3725, 2?8S. .2899) 

(A) mME/KEi's intron 

(B) LOCATIONS 525., 576 

iA) mME/KWx'i infcron 
(B) LOCATION; 688.-736 

(i>:5 FSATORE; 

(A) ^m^SE/KlY: introii 
CB} LOCATION r 800..8S9 

{8} LOCATIONS 9 86.. 1042 

(ix) FE?>TORE; 

m nmm/EEYi intron 

(B) LOCATIONS 1220., 12S8 

{ix) FBATDRBs 

(A) MAME/KEY: intron 

{ B ) LOCATION ! 153 9 1 6 0 0 

Cix) FBATOREs 

iB) LCCATIOHs 1823,, 1S36 

(ix) FEATtMEt 

(A) NAME/KEY: iiitroji 

{B) LOCATIOK! 1973.. 2046 

Ux> FBATimEj 

(A) KAHSyKBYi introR 

(B) LOCATION; 2115 . .2173 

(ix) FSATURS; 

CA) H.^m/KEY; intron 
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IB) UiCMXOS^: 228S..2337 

CiK) FEATURE} 

ik) NAMB/KEY; intron 

im LOCATIOM; 2440,-2494 

iix) FEATtmSt 

fA) HAHE/KEYs intron 
(B) LOCATION t 2 63 6 <. 2 69 2 

(1x5 imTtJEE: 

CA) m!>ffi/KEY? introG 

(B) LOC&TIOK; 1046.. 109€ 

Ga.G"rQATCCa CC^kOJkGOTCA <3GCGGATi^G -TTCCTA^TA aTCATICGCC TATTCd^A 60 

CC^iiiGCATA CTOACGACAT ACCaCCAGAT CGCCCTCGGT TCGGGCOTGO CATACGTT-CO 120 

CMiSS«3C&CC TCACOSAGCA AACTCTAAAA AGCITCGGCA TOGATTGCAT TTT^TATTOT 180 

AAACAASTTA CGAGAAAAAC AATAGATCAG TTTTTGCCGA ATCG<3ATG<3C TTGAAACOOA 240 

AGTACCGATC GCCGA'PCCGA GTCGAATGAA TTAACGCATC TaAAACG<;<3A CCCTGAOTCC 300 

AGGCACCCGC CGGCCTTOOC CGTATAAGTC ACTTGTCGCC AACTAGCACT TTTTCATTCC 3 SO 

CCCTOTCF? crrCCTCGTC TTCTTCTTCT CT ATG GCT CGG TCG ACT ACT TCA 413 

Met Ala Arg Ser Thr Thr Ser 
1 5 

CTC TTT GCA CTG TCT CTC GTT OCT TCA OCQ TTT GCT CCA C1"C GTT OAC 461 
Le« Phe Ala Lsu Ser L«« Val Ala S«r Ala Sfm Ala Arq Val Val Assp 
10 15 20 

TAT CKSe TtT GAT OTO <3CT AAT GOG GCA GOT GCT CCG GAT GGT GTA ACA SOS 
T^'r Gly Ph« Asp Val Ala Asn Gly Ala Val Ala Pro Asp Gly Val Thr 
25 30 3S 

AOO AAC GCG GTT CTC GTOAGTTAGC TGTAAGATGG TCTATATGCT GGTTGCCTAA 564 
Arg Asn Ala Val Lms 
40 

C<3G<3AAT-OTC AG OTC AAT GOT CGC TTC CCT GGT CCA TTO ATC ACC GCC S12 
Yal Asn Gly Arg Phe Fro Gly Pro Leu lie Thr Ala 
4S SO S5 

AAC AAG CGG CAT ACA CTT AAA ATC ACC <3Ts3 CQQ AAT AAA CTC TCC OAT 660 
Asn Lys Gly Asts Thr h&n Lys lie Thr Val Arg Asa Lys Leu Ssr Asp 
50 65 70 

CCA ACT ATG CGA AGO AGC ACG ACC ATC GTTACTACl'T CCCCTCATCT 707 
Pro Thr Met Arg Arq- Ser Thr Thr Il« 
?S SO 

GTCTTSAAAC TTTCTCATCT TTTTTCAAG CAC TGG CAC GGT CTC CTC CAA CAC 7€0 

His Trp His Gly L«u Leu Cln His 
8S 

AGG ACG QCA QAA GAA GAT GCC CCG GCC TTT GTA ACC CAG GTAItSCCTTA SOS 
Ara Thr Ala GIu Giu Asp Gly Pro Ala Pfoe Vial Thr Gl» 
90 95 ■ 100 



TCCTATCGCT GCTCTGTCCC CG'CGTCCTTC CCTCACTCGG GCGATTCTAG TGC CCG 

D/S Pro 
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AT-I" CCT CCG CAA GAA T03 ?iCC 'PRT ACQ ATG CCG CTC GGC CAQ 913 

11© fxo Pro Gin Glu Ser "Shx '3>/£ Thr Met Pre Leu Gly Glu Qln 
105 110 115 120 

MZC GGC ACQ TAT TOQ T^C CAC AGC OlC TIG AGC TCC CAG TAT GTG GAC 961 
Tkr Gly Thr Tyr Ttp His Ser Kxs Leu Ser £©r Gin Tyr Val .4sp 

125 130 135 

GGG TTO CGT GGC CCC ATC GTT ATT GTAAGTCTTC ATTTAACCTT ATTCT-BSCTT 1015 
Gly Leu Ara Gly Pro lie Xla 
140 

ATGGCTOATT €TGACGTCGT GGTTAGT ATG TTCGTOGCTT CCACimGAAS 1065 

145 

TOAOCACCCC TTOAAOCTAA CTTTATTCCA Q GAC CCC CAC OAC CCG TAC AOA 1117 

Asp Pro Mis Asp Pro Tyr Arq 
150 

AAC TAC mT OAT OTC GliC QAC GAG CGT ACG GTC TTT ACT TTA OCA GAC 116S 
Asn Tyr Tfx Asp Vai Asp Asp Gl« Arg Thr Val E>he Thr Leu Ala As|> 
155 ISO 165 

'?GG TAC CAC ACG CCG TCG GAG GCT A'JC ATT GCC ACC CAC GAT GTC TTG 1213 
■rrp IVr His I'to Pro Sar Glu Ala lie lie Ala Thr His Asp Val Lmi 
170 175 180 

AAA ACG GTACGCGTTA ATCCTTCTAG CTTTCTTTCC TTGGGTCACT TTCTATCAG 1368 

185 

AI'C CCC GAC TCG GGT ACG ATC AAC GGC AAA GGC AAA TAC GAT CCT GCT 1316 
lie Fro Asp Ser Glv Thi- He Asb Gly Lys Gly Lys Tyr Asp Pro Als 
190 195 200 

TCG GCT A&C ACC AAC AAC ACO ACA CTC GAG AAC CTC TAC ACT CTC AAA 1364 
Ser Ala Asn Thjr Asn Asri Thr Thr Leu Glu Asa Leu T^t Thr Leu Lys 
205 210 215 

GTC AAA CQC GGC AAG CSQ TAT CGC CTG AGG ATT ATC AAC GCC TCG GCC 1412 
¥al Ly«5 Arg Gly I>vs Ara T^/r Arcf Leu Arg lie lie Assi Ala Ser Ala 
220 225 23 0 

ATC GCT TCG TTC C<3<3 TTC GGC GTG CAG GGC CAC AAG TOC ACG ATC ATC 1460 
lie Ala <a®r Ph« Ara Phe Gly Val Gin Gly Hia Lyss Cvs Thr Il« Ila 
235 " 240 245 ' 250 

GAG GCT GAT GGC GTC CTC ACC AAA CCG ATC GAG GTC GAT OCG TTT GAT 1S68 
Glsi Als Asp Gly Val Leu Thr Lys Pro He Glu Val Asp Ala Phe Asp 
255 2S0 265 

ATT cm CCA GGC CAG AGG TAT ACC TGC ATC GTAA6TCTAC CTATGCCTTG 1S58 
II® lisu Alss Glv Gin Arg S®^^ Cys lie 
270 275 

ri'Gl'GGAOAT &A0AACCT3A CTSAATGTAT GCGCTCCAAT AG TTG AAG GCC GAC 1612 

Leu Lys Ala Asp 
2S0 

CMi GAT GCT OAT TCC TAC TGG ATA AAT SCO CCA ATC ACA AAC GTT CTC iSSO 
Gin Asp Pro Asp Ssr T^t Trp lie Asu Ala Pro lis Thr Asa Val L«u 
2SS 290 295 

AAC ACC AAC GTC CAG GCA TTC CTA GTQ TAT GAA GAT GAC AAG CGT CCT 17 OS 
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AssB Thr Asn Val Gin his. Leu Leu Val Ty'r Gl« Asp h&p Lys Arg Pro 
300 305 310 

ACT CAC TAC CCC TO3 AAG CCG TTT TTG ACA TGG AAG Am TCA AAT 6AA 1756 
TM- His 'l^!'!- Fro Trp Lys Pro Phs h&u Thr Trp Lys 11® Ser Asrs: Glu 
315 320 325 

ATC C&G mc TGG CAS CAC AAG CAC GGG TCG CkC OST' CAC AAG GGA 1884 

lie He Qln lyr Trp Oln His hys His Gly Ser His Gly His Lys Gly 
330 335 340 

<3<3(3 CAT CAT CAT AAA OTC COG GCC ATT GGA GGT GTA TCC GGG TIB 18S2 
hys QXy His His His Lys Val Arg Ala lis Gly Gly Val Ser Gly Leu 
345 350 ■ 355 360 

ACC TCC AOG GTT AAG AGC CGG GCQ AGT GAC CTA TCG AAG AAG GOT GTC 1900 
Sef Set Arg Val Lvs Ser Arg Ala. Ser Aso h&u Ser Lys Lys Ala Val 
365 370 375 

GAG TTG C5CT GOT GCA CTC GTT GCQ GGT GAG GCC GAG TTG GAC AAG AOG 1948 
Giu L©u Ala Ala Ala li«su Val Ala Gly Glu Ala Glu Leu Asp Lys Arg 
380 385 390 

CAG AAT QAG GAT AAT TCG ACT ATT GTA TTG GAT GAG ACC AAG CTT ATT 199 & 

Gin Asn Glu Asp Asn S»r Thr II® Val Lau Asd Glu Thr Lys L©u lie 
395 400 • ' 405 

GTAAGTCCCT TAATTTTTTr CQGT3TCACG GAAGCTiy^CC CGCGTAATAG CCG TTG 

Pro L©u 
410 

GTT CAA CCT GGT GCA CCG GGC GGC TCC AG.A CCA GCT GAC GTC GTG GTC 2100 
Val Gin Pro Gly Ala Pro Gly Gly Ser Arg Pro Ala Asp Val Val Val 
415 420 425 

CCT cm SAC TSV GGC CTC GTAl^TQOCT TCTl'GTmTT CGTCCaaAAT 2148 
Pre Leu Asp Phe Gly Leu 
430 

OCAJiACimT TTOSOfGOGC TATAS AAC TTT GCC AAC QGA CTG TOG ACG ATA 2200 

Asn Phe Ala Aso, Gly Lsu Trp Thr Xl« 

^ vJ' S 

AAC AAT GTC TCC TAC TCC CCT CCG GAT GTC CCT ACT CTC CTC AAG ATC 2248 
Asn Asn Val Ser Tyr Ser Pro Pro Asp Val Pro Thr L®u L®u Lys He 
445 450 455 

TTG ACC aAC AAA GAC AAA GTC GAC GCT TCT GAC TTC GTAGGTTCCT 22:94 
Lsu Thr Asp Lys Asp Lys Val Asp Ala Ser Asp Pha 
46S 465 

CTTCT-JCTTT TCAAACTAGC TACTGACATT AAOTGAACGT CAG ACG GCC GAT GAA 234§ 

Thr Ala Asr> Glu 
470 

CAC ACQ TAT ATT CTT CCA AAG AAC CAA GTT OTC GAG TTG CAC AT'C AAG 2397 
His Thr Ti^" He Leu Pro Lys Asn Glti Val Val Glu hen His lie Lys 
47 S 4a0 485 

OGA CAG GCT TK3 GCA ATC GTA CAC CCC CPT CAT CTG CAT GGC 243S 
53ly Qln Als Leu <31y He Val His Pro Le;u His Leu His Gly 
4S0 49B 500 

0TACS3TCTTT CTCACACTGT TCCAGCTCCT ATTCTCTAAC ACACTCCT3C GATAG CAT 24S? 

His 
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TTC aAC GTC GTC Cm -rXC GSC SAC MC aCT CCA AAC TAC G'iX? A&C 2S45 
Ala PhSi Asp Vai Val Sin Qly As» Asn Ala Pro Asn Tyr Val Asn 

SOS 530 " S15 520 

CCT CCG CG'T A©S OAT GTA GTA GGC GTA ACT GAT GOT OOA OTC CO? ATC 2533 
Fro Pro Arg Arg Asp Vai Val Gly Val Thr Asp Ala Gly Val Arg lis 
525 530 53 S 

CAO TSC AGA ACC GAT AAC COS OSC CCT TGG TT?:; CTC CAT TSC 2 S3 5 

Gin Phe Ara 1?hr Asp Asn Pto Gly Pro Ph® I^eu His C:;ys 
S40 545 SSO 

GTATGCTCOT CATCTCCC&C CGCTmT£CT TTACTTATaa TTTACCTICC O^mTAO 2693 

CAC ATf Gm TOO CAC ITC OAA GAA GGA TTT OCT GTMQTra.TT hTTCCTATm 2745 
Hi© lie Asp Trp His Lau Glu Gl\i Gly Phe Ala 
555 SSO 

CGAAGCATCO aOGAGATGCI" AACCAAGGGI' GTCTTTTAAG ATG GTA TTC GCC GAA 2S00 

Met; Val Piia Ala Glu 
565 

GCG CCT GAA GAT A'T'C AAG AAA OGC TCT CAG AGT GTC AAG CCT GAC GGA 2848 
Ala Pro Glu Asp lie Lys Lys Glv Ser Gin Bex Vai Lys Pro Asp Gly 
S70 575 580 

CAA TOO AAG AAA CTA TGC GAG AlvC TAT GMi AAG TTG CCT OftA GCA CTG 2896 
Glri Trp I^'-s Lys l.sti Cys Giu Lys 'lyx Glu Lys Leu Fro Glu Ala hen 
S8S 590 595 

CAG TGAAGTTGCA GTTOTrrcCC ATTCGOGAAC TOGCTCACTA TTCCTrTTGC 2949 
Gin 

ATAATTCaGA CTTTTATTTT GGGACATTAT TGOACTATQG ACTTGTTTGT CACACCCTCG 3009 

CTCACTGTGT CCCTCOTTGA GTACCTATAC TCTATTCOTA TAGTGGGAAT ATCGAATATC 3069 

GGATGTAATA AATGCTCGTG CGTTrGGTGC TCGAAATGGG OTAaGACT 3117 

12} XKFORMATIOM FOR 3EQ ID NO: 4; 

{i.) SBO^BHCE ClARACTEEISTICS : 

(A) IMW3TH'. 5&& aiaino acids 

(B) lYPEs amino acid 
CD) TOPOLOGY s linear 

(11) MOLECULE T^?E: proteiii 

(Xi) SSQUSMCE DESCRIPTIONS SSQ ID MO; 4s 

M&t Ala Arq Ser Thr Thr S®r Leu Ph« Ala Leis S«r Leu Val Ala Ser 
i " S 10 15 

Ala Ph® Ala Arg Val Vai Asp T^'t: Gly 9hB Asp Vai Ala Asn Gly Ala 
20 ' 25 3i 

Val Ala Pro Asp Gly Val Thr Arg hsn Ala Val L©u Val Asa Gly Arg 
35 40 45 

Phs Pro Glv Pro Leu lis Thr Ala Asxi Lys Gly Asp Thr L&u Lys lie 
50 ' SS 50 

"Bir Val Arq Asn Lys Leu Ser Asp Pro Thr M«fc Arg Arg S«r Thr Thr 
65 * 70 75 80 



sis His His aiy Leu Leu Gin His hrg Thr Ala Olu Giu Asp Oly 
85 90 95 

Ala Pha Val Thr Gin Cys Pro II® Fro Pro Olu Glu Ser Tyr Thr 
100 105 13.0 

l^'r Thr Met Pro Leu Gly Glu Gin Thr Glv Thr Tvr Trp Tvr His Ser 
lis ' 120 125 

His Leu Sei: Ser Gin Tyr Val Iwsp Oly L«u Arg Gly Fro Si© Val Sis 
130 13S 140 

Met Ast> Pro His Asp Pro Tyr Arg Asn 'Syx Asp Val Asp Asp Glu 
145 ISO 155 160 

Arcf Thr V&l Phe 'Shr Leu Ala Asp Trp Tyr His Thr Pro S©r Glu .Ma 
165 170 175 

Ii« lie Aia Thr His Asp Val Leu Lys ^hr He Pro ABp Ser Gly Thr 
180 185 190 

Ii« Asii Gly Ly^ Oly Lys Tyr Asp Pro Ala Ser Ala Abu Thr Aso Asn 
ISS ■ 200 205 

Thr Thr Leu Glu Asn Leu T^'r Tlir Leu Lys Val Lys Arg Gly Lys Arg 
210 215 -220 

Tyi' Arg LsfU Arg 31® 11® Asn Ala Ser Ala lie Ala Ser Fhe Arg I^ha 
22B 230 23S 240 

Gly Vai Giii Gly His Lys Cys Thr lie lie Glu Ala Asp Gly Val L^eu 
245 250 255 

Thr LyB Pro Il« Giu Val Asp Ala Pbe Asp He Leu Ala Gly alr» Arg 
260 2S5 270 

T"/r Ser Cys He Leu Lys Ala Asp Glo Asp £*x'd Asp S«i- TVi" Trp lie 
27S 2S0 285 

Ask Aia Fro He Thr- Asji Val Leu Asn Thr A»3n Val Gin Ala L«u 
290 295 300 

V&i Tyr Glu Asp Asp Lvs Arg Pro Thr Els 'I^'r Pro Trp Lys Pro Phs 
305 310 31 S 320 

Lett "Thr Trp Lys He Ser Asn Glu 11« He Gin Tr» Gin Kis Lys 
32S 330 ' 335 

Hijj Gly Sssr His Glv His Lys Gly Lys Gly His His His Lys Val Arg 
340 345 350 

Ala lis Gly Gly Val Ser Giv Leu Ser Ser Arg Val Lys Ser Arg Ala 
355 350 365 

Ssr A>s» Lea Ser Lvs Lvs Ala Val Glu Leo, Ala Ala Ala Leu Val Ala 
370 * * 375 380 

Glv Glu Ala Glu Leu As» Lys Arg Gin Assi Glu Asp Asa Ser Thr He 
3S5 390 39S 400 

Val Leu Asp Glu Thr Lys Leu He Pro Leu Val Gin Ps'o Gly Ala Pro 
40S 410 415 

Cly Gly Ser Arg Pro Ala Asp Val Val Val Pro Leu Asp Phe Gly Lau 
420 425 430 

Assi Ph© Ala Asn. Gly L§u Trp Thr He Asn Asa Val Ser Tyr Ser Pro 

~40~ 
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435 440 445 

Pro ^^s» Val Pro Thr Leu Lsvs Lvss He Lei! Thr Asp Lys Aso Lys Val 
450 455 " 460 

As5p &la Ssr Asa Phs Thr Ala Asp Glu His Thr 'Py~ Ij^^ ^^ys 

465 470 475 489 

Gin ¥ai Val Glu Leu His lie Lys Gly Gin Ala Leu Glv II© Val 
485 490 " 49S 

Els Fro Leu Hiss Lsu His Oly His Ala Phs Asp Val Val Oln Phe Gly 
SOO 505 510 

Jlsp Asa Ala Pro Asti Tyr Val Asn Pro Pro Xr« Arq Asp Val Val Gly 
SIS 520 " " 525 

Val Thr Aap Ala Gly Val Ax-g I la Gla Fh-s Ara Tkr Asp Asn Fro Gly 
530 535 540 

Pro <S'rE> Phs> L©u His Cys His Il« Asp Trp His L^u Glu Glu Gly Phe 
545 550 555 S60 

Ala M«t Val Phe Ala Glu Ala Pro Glu Asp lie Lys Lys Qly S®r 61a 
565 570 575 

Ser Vai Lys Pro Asp Gly Sin Trp Lys Lys Leu Cys Glu Lys Ty* Glu 
SSO 585 530 

Lys L®u f?,ro Glu Ala L«5U Glti 
595 



(xil SEQ^tje^CE DESCRIP'IIOK^! SEQ ID NO:S; 

Ala Val Arg Assa Tyx Lys Phe Asp lie Lys Asn Val Asa Val Ala Pro 
1 5 1.0 15 

Aep Gly Ph« Gin Ara Pro lie Val S®r Val 
20 ' 25 

C2) I^JFOKmT10N FOR S3SQ ID I«>!6j 

(i) SEQXJEHCl CHAHACTBRISTICSj 

(A) LEt'JSS'nj; 20 aiJjino acisas 

(B) TYPEs assino acl<3 

(C) STRAKDEDtJESS: single 
CD) TOPOLOGyi linear 

Cii) MOLECULE lYPE: peptide 



fxl} SEQUENCi: DESCRIPTION; SEQ ID K0:6: 

Ser Oln '^^r Val Asp Oly Leu Arq Gly Pro Leu Val lie Tyr Asp Pro 
1 5 10 as 

Asp Asp AsD His 
20 

12} SKFom^TIOH FOE SEO 10 HO:7: 

lis SEQUENCE CHARACTERISTICS: 

|A} LE^JGTH; 26 aitsino acids 
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?S} WPE; ajiuRQ acid 
5D) TOgOLCXSYe l.inssar 
(ii) MOLECtJLE TYPE; peptide 



SigCtMCB BESCR2PTX0N: SEQ ID K0;7; 

Sar Ar^ V-fr Val As>: Asx Ala S&r Thr ¥al Val Met Lsu Gla Asss 
1 " ' S 10 IS 

Trp Tyr teg Thr Pro Ala Xaa Val L«v? Olu 

{2) IMFOS^aTION FOR BBQ ID SOsS; 

{k) IMMQTUt 25 amino a«id» 
(B) TVPS; aavino acid 

CD) TOPOLOaYs linear 

Cil) MQLSaJLE TfPBs peptide 



(xi) SSgtJEJJCE DESCRIPTION: SgQ ID M0s8f 

Sesr Leu Glv Pro Thr Pro Asn l^r Val Asa Pro Xaa lie M-g Asp Val 
1 ' 5 10 ' 15 

Val Arg Val Gly Gly Thr Thr Val Val 
20 25 

{2) I!fFOHMATIQH FOR SEQ ID MOtS: 

M) SEStJEHCS CHARACTERISTICS s 

(.4) LSf'SiSTHj 25 an^ino acids 
(B) WPE: amino acid 
CO SimfJDEDNBSS ; single 
(0) TOPOLOC'f; lirisar 

(ii) JC>LiSCi3t»S TYPEt peptiS-a 



{xi3 SESOENCE DESCRIPTION; SEQ ID NO: 9s 

Gly h&n Ala Lea Val Phe Glu Ala Pro Ser Gin lie Arg Gin Gly 
1 5 10 15 

Val Gin Ser Val Gin Pro Asp Asp Ala 
20 25 

(2) ISFOEmTIOM FOR SKQ ID HO: 10: 

(i) SSQUENCE ClIARACTERISTICg s 

(A) liKS^STH: 14< amino acids 
{2) TYPE: aroitio aeid 
{C} STBANDSDfTSJSS! single 
Id) TOPQIjOGY t linear 



Mi) TYPEt p©pt:i«e 



(Xi) SEQmnm PESCEIPTION; SEQ id MOtlO: 

Xl« Arc Ti'r \''al Glv Gly Fro Ala V&l Xaa Arg Ser V&l He 
1 S 10 

Ca) XHFORM&TION FOR SSQ IS NO: 11: 

(i) SSOtJENCE CHARACTERISTICS: 
(i) $ amino acids 

(B) TYPEi amino acid 

(C) BTRM^miMBBBt sing la 
{!>} TOPOifOSY; llnear 

Ciil KOLECOLS TYPS: peptids 
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lie "Leu Ala Asr. Pro Ala 

a s 
(2) imommrmn for seq id no!12! 

(i) SEQUENCE Cit?«ACTERISTXCS : 
C&) LE^OTH: 8 araifto aeisSs 
C3) TYPE; aiaino aeid 
£C) STEMID'EDNESS ; singles 
CD) T-OPOLOGYj linesir 

(11) MOLECUIiE TYPE; t>eptide 



(Ki) SEQOINCI DKSCEIPTIOias SEQ ID KOsl2 5 

T^T Glu Ala Pro Ser L©u Pro Thr 
1 5 

{2} IKFOHM&TXOK FOR SEQ ID HO; 13; 

U) SEaUENCE amRACTBRXSTXCS ; 

(A) LENGTH; 1912 base pairs 

(B) TYPE: nucleic acid 
{€) STRMJDEDtmSS 1 sinal© 
{D5 'TC'PDLOaYt linear 

{ii) KOLBCXJLE TOFE; cDKA 

^«.) OSIGimL SOURCE; 

C;^) ORGM'TISM: Hhiaoctonla iaccase 

Ux) FS.^TOR^: 

C&) KM4S/KSY: CDS 

(B) LOCATSON! 8S..1S71 

{Xi) SSQUENCK DESCEimON: SEQ ID NOtl3t 

CT&^COCT-'KS GTGCCO^GCT CGGA^CCACl' AGTAftCGOSC GCCAOTQTQC T-3C3MTfC3C SO 

aacCOCGfCG AC&CCTCCfT CAAG AtSG CTf TCT AGC ATT ACC CTC CTA OCT 111 

Mst Leu Ser Ser lie Thr Leu Leu Pe'o 
1 5 

ITG CTC OCT SCO OTC TCA ACC CCC GCC TTT GCT GCC OTC COC AAC TM* ISS 
h&u Leu Ala Ala Val S«r Thi" Pro Ala Phe Ala Ala Val Ara Asn IVr 
10 15 20 " 25 

AAG TTC GAC ATC AAG ARC GTC AAT GTC GCT CCC GAT OCiC Tf-T Cm CSC 207 
Lys Fhe Asp lie Lvs Asn Val Asn Val Ala Pro Asp Oly Ph© Gin Arg 
30 3S 40 

TCT ATC GTC TCC GTC AAC GGT TTA GTT CCT GOC ACO H'O ATC ACG GCC 255 
S©r lie Val Ser Val Asn Cly Ley Val Pro Gly Thr L«u He Thr Ala 
4S 50 55 

AAC AAG CfGT OAC ACC TTG CGC ATT AAT GTC ACG AAT CM C1*C ACG GAC 303 
Asn Lys GXy Asp Thr Leu Arg Jl« Asn Val Thr Asn Gla Leu Thr Asp 
60 65 70 

CCT ACT ATG CGT CGT GCC ACA ACG AT1> CAT TGG CAT GGA TIG TTC CAA 3 SI 

Pro Ser M&t Arc Arg Ala Thr Thr Il« His Trp His Glv Leu Phe Gin 
75 80 85 
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S3OT ;sCT ACC GCC GAC GhG GM^ QOC CCC GCm TTC GTC ACG CM. 'MC CCT 3SS 
Ala 'rhr Tbr Ala Aao <31« Asp Olv Sro Ala f>he Val Ihr Gin Cj^s Pro 
§0 95 100 105 

ATT GCO CAA AAT TTG TCC TAT ACA TAC GAG ATC CCA TTG CGC GQC CM. 447 
Il« Ala OIb Asn Leii Ser T^'r Thr l^'r Giu lie Pro Leu Ara Oly Qln 
lie 115 120 

ACA GG,^ ACC ATG THSG TAT CAC GCC CAT CTT GCG AOT CAA TAT GTC GAT 49S 
Thr Caiv Ths: K«t Trp Tyr His Ala His L^u Al« Ser Oln lYr Val Asp 
125 130 135 

OSA TTO COA GOC CCT TTQ GTC ATC TAT GAT CCA AAC GAC CCA CAC AAG S43 
Gly Loii kra Olv Pro Leu Val lie Asp Pro Asb Asp Pro Bis Lys 
140 " 145 150 

TCG CGC TAC GAC GTG GAT GAT GCG AOC ACA GTA GTC ATG CTI' GAG GAC 591 
Ser kxg Tyr Aso Val Asp Asp Ala Ser Thr Vai Val Met Lsu Glu Asp 
1S5 " 160 165 

TGG TAC CftT ACT CCG OCA CCC GT^' CfA GAA AAO CAA ATG TTC TCO ACT 639 
Trp T^tr His Thr Pro Ala Pro ¥al L©u Glu Lys GIk M«t Ph« £«r Thr 
170 175 180 185 

AAT AAC ACC OCT CT3 CTC TCT CCT GTT CCG GAC TCG GGT CTT ATC A*AT 687 
Asn Asa Thr Ala Leu Leu Ser Fro Val Fro Asp Ser Gly ijeu 2l« Asn 
i&O 195 200 

CGC A?as. GOG CGC TAT GTO GOC GOT CCC CCA GTT CCC CGG TCA GTA ATC 735 
Gly Lys Gly hrg Tyr Val Glv Gly Pro Ala Val Pro Arg Ser Va.1 lie 
205 " 210 215 

AAC GTA AAA COT GOG AM. CGA TAT CGC TTG CGC GTA ATC AAC GCT TCT 783 
Asa Vai Lvis Arg Gly Lys Arg Tyr Arg Lew Arg Val He Asn Ala S©r 
220 225 230 

OCT ATC GGG TCG TTT ACC TTT TCG ATC GAA GGA CAT AGT CTG ACT GTC §31 
Ala He Gly Ser Ph& Thr S>hfe S&t lie Glu Gly His Ser Leu Tbr \%i 
235 240 245 

ATT GAG GCC GAT GGG ATC CTG CAC CAG CCC TiXS GCT GTr GAC AGC TTC 879 
Il« Giu Ala Asp Gly lie lieu His Gin Pro Leu Ala Val hsr> S&X Phe 
250 255 260 2S5 

CAG ATT TAC GCT GGA CAA COG TAC TCT GTC ATC GTT GAA GCC AAC C:AA 927 
Gift lie 'lyr Ala Gly Gin Ara Tyr Ser Yal lis Val Glu Ala Asn Gin 
270 275 280 

ACC GCC GCC AAC TAC TCG ATT CGT CCA CCA ATG ACC GTT GCA GGA GCC §75 
Thr Ala Ala Asa Tyr Trp XI® Arg Ala Pro Met Thr Val Ala Gly Ala 
285 290 2SS 



Gly Tbx Asa Ala Asa Lsii As» Pro Thr Ash Val Phe Ala Val Leu His 
300 305 310 



L023 



TAC GAG GGA GCG CCC AAC GCC GAA CCC ACG ACG GM. CAA GGC AOT GCT 1071 
Tyr Glu Gly Ala Pro Asa Ala Olu Pro Thr Thr Glu Gin Gly Sssr Ala 
315 320 325 

ATC GGT ACT GCA CTC GTT GAA GAG AAC CTC CAT GCG CTC ATC AAC CCT 1119 
lie Gly Thr Ala L«u Val Glu Giu Aisn Leu Eis Ala Leu He Asn tro 
330 335 340 34S 

GGC GCT CCG GGC GGC TCC GCT CCC GCA GAC 01T TCC CTC AAT CTT GCA 1167 
Gly Ala Pro Gly Gly S® r Ala Pro Ala Asp Va.1 Ser Leu Ass a Leu Ala 
350 355 360 



ATS QQQ CQC ACC AC A ttTT GAT GCSG ATT CTT AQQ TlX: AC A "KT SAT A&C 1215 
XI® «ly Arq Ser Thr Val ABp Qly lie Leu Arg Ph« Thr Ph« Asn Ash 
365 370 375 

ATC AAO TAC GAG GCT CCT TCO TTO CCC ACO CTC "TTG AAC ATV TTG OCA 12€3 
He Lys 'iyr Glu Ala Pro Ser Lsti Pro Thr L«u hmu Lys II© Leu Ala 
3a0 385 390 

MC AAT OCO AaC AAT GAC GCC GAT TTC ACG CCA AAT GAG CAC ACT ATC 1311 
Assja. AiS3a Ala Set- A»n Asp Ala Asij> l>h« Vhr Pro Asr. Glu His Thr He 
395 400 40S 

CTA 'TTC CCA CAC AAT AAA GTT ATC GAG CTC AAT ATC ACC GGA CCT CCA 1359 
Val Lau Fro His Asu Lys Val Sle <31u Le« Asn II© Thr Gly Gly AX® 
4iQ 415 420 42S 

GAC CAC CCT ATC CAT CTC CAC OOC CA'? GTG TTT GAT ATC GTC AAA TCA 1407 
His Pro 11® His Lsu His Gly His Y«l Phe Asp 11© Val Lys Ser 
430 435 UQ 

CTC GOT GOT ACC CCG AAC TAT GTC AAC CCO CCA CGC AGG GAC GTK GTT 145S 
Leu Gly Glv Thr Pro Asji T/r Val Asn Pro Fxo Axg Arg Asp Val Val 
445 450 455 

CGT GTC GCA GGC ACC CCT CTC CTA CTC CGA TTC AAG ACC GAT AAC CCA 1503 
Arc? Val Glv Glv Thr Gly Val Val Leu Arg Ph© Lys Thr Asp Asn Pro 
460 ' 46S 4.70 

GGC CCA TOG TTT GTT CAC TGC CAC ATT GAC TQG CAC Tm GAQ CiCT (SGG 1551 
Gly Fro Trt> Phe Val His Cys Sis lie Asg> Trp His l,mu Glu Ala Gly 
475 480 485 

CTC GCA CTT GTC TTT GCC GAG GCC CCC ACC CAC ATT CCC CAC GOT GTC 1S99 
Lau Ala Leu va.1 Phe Ala Giu Ala Pro Ser Gin He Arg Gl« Gly Val 
mQ 49S SOO SOS 

CAG TCG GTC CAG CCC AAC AAT GCC TGG AAC CAG CTC TGC CCC AAG TAC 1647 
Gisi Ssr Val Gin Pro Asr. Asn Ala Trp Asn Gin Leu Cj's Pro Lys Tyr 
510 SIS 520 

GCG GCT cm' CCT CCC OAT TTG CAG T 1672 
Ala Aia Leu Pro Fro Asp Leu Gin 
525 

{2} ItJFOm-m.TION FOR SEQ ID NO; 14; 

Ci) SEQUEHCH CHARACTERISTICS J 

(A) LENGTH: 529 amiiio acids 

(B) TVPEi airjino acid 
(D) TOPOLOGY* lirtear 

(xi) MOLEC'JLE TSfPBs prot©in 

9BQt?B!?CE DESCRXPTXOiJ: SEQ ID HO; 14: 

Mat Lsa Ser Ssr 2ie Thr LexJ I^©u Pro Lsu Lau Ala Ala Val Ser Thr 
IS 10 15 

Fro Ala Phe Ala Ala Val Arg Asn 'Tyx: Lys Phe Aso lie Lys Asii Val 
20 25 30 

fen V'sX Ala Pro Asp Gly PSis Gin Arg Ser lis Visl Ser Val Asn Glv 
35 40 45 

Lsu Val Fro Gly Thr Leu Xle Thr Ala Asn Lys Gly Asp Thr Leu Arg 
50 55 SO 
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II® &sn Tks Asn Ola h&u fhr Asp Pro Ser Met Mxj iirq Aia Thr 
SS 70 75 ' " SO 

Thr Il« His Trp His Gly Leu Ph« <31xs Ala Thr fhr Ales Asp Olii Asp 
85 SG 95 

aiv P-ro Ala Phe Val Thr Gin Cys Pro lie Al& Girt Asn Leu Ser Tyx 
100 105 110 

Thr 'P'/r <31u He Pro l»eu AJfCf Gly Olii Thr Oly Thr Kst Trp T^-r Bis 
ilS 120 125 

Ala His Ii©u A.la S©r Ola 'fiT Val Asg Gly L«u Arg Gly Pro L©u Vai 
130 135 140 

IX® 1>/r Asp Fro Asa Asp Pro His Lys Ser Arg Ti'r Asp Val Asp Asj> 
145 " 150 155 160 

Aiv% Ser 'Shr Val Val Met Leu Glu Asp Trp 1^3-' His Thr Pro Ala Pro 
165 170 175 

Val Leu Glu Lys Qln Met She Ser Thr Asn Asn Thr Ala Leu Leu Ser 
180 iSS ISO 

Pro Yal Pro Aso Ser Glv L«u li«5 Asn Gly Lys Gly Ara Tyr Val £31y 
195 ■ 200 • 20S 

<3iy Pro Ala Val Pro Arg Scjr Val lie Asn Val Lys; Arg Gly Lys Arg 
210 215 220 

lyr Arc| Leu Arcj Va.1 He Asn Ala S«r Ala lis Gly S®r Pbe Thr Pile 
225 ~ - 230 235 240 

Ser II© Ciu Gly His Sar Leu Thr Val He Glu Ala Asp Gly 11© Leu 
245 2Se 255 

His Cln pro Leu Ala Val Asp S®r Ph* QlXi He I'yr Ala Gly Gin Arg 
2 SO 265 270 

1\-'r Ser Va.1 He Val Glu Ala Asji Gla Thr Ala Ala Asm Tyr Trp He 
27S 280 2SS 

Arg Ala Pro Met 'I'hr Val Ala Oly Ala Gly Thr Asn Ala Asn Leti Asp 
290 295 300 

Pro Thr Asn Val Phe Ala Val Lau His Tyr Glu Gly Ala Pro Asg Ala 
SeS 310 315 320 

Glu Pro Thr Thi:- Glu Girt Gly Ser Ala He Gly Thx Ala Leu Val Glu 
325 330 33S 

Glu Asr* L®« His Ala Leu He As» Pro Gly Ala Pro Glv Glv Ser Ala 
340 345 350 

Pro Ala ABp Vai Ser Leu Asn L®u Ala He Glv Ara Ser Thr Val Asu 
3S5 360 ' " 365 

Glv lie Leu Arg Phe 5'hr Phe Asn Asn He Lys lyr Glu Ala Pro Ser 
370 375 380 

I:®>:s Pro Thr Leu Leu Lys He Leu Ala Aen Asn Ala Ser Asn Asp Ala 
3S5 390 395 400 

Aisp Phe Thr Pro Asn Glu His Thr lie Val Leu Pro His Asn Lys Val 
40S 410 415 

lie Giu Leu Asn He Thr Gly Gly Ala Asp His Pro lie His Leu His 
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42a 425 430 

03y His Val Phe Asp lie Vai Lys Ser Lau Oly C3.1y Thr Pro ksn ^yr 
435 440 445 

Vai AsD Pro Pro Arg hxg ksp Val ¥al Arg val Gly Gly Thr Gly Val 
450 455 460 

Vs-l jUau Arg Fhsi Lys Thr As» Asn Pro Oly Pro Trp Ph© Val His C^i-s 
46S 470 475 480 

His lie Asp Trp His Laa Olu Ala Cly Leu Ala Leu Val Pbe Ala alu 
485 490 495 

Ala Pro Ser Sir. lie Arg Gin Gly Vai Qln S-ar Val Gin Pro Asn Asa 
500 505 SIO 

A1& Trp Asa Gin Leu Cys Pro Lys Tyx Ala Ala L«\3 Px'o Pro Asp Lsu 
SIS 520 525 

airj 
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>Jliat we claim is: 

i. A nucleic acid fragment contaiaiiig a nucleic acid sequence 
e^acoding a Rhixoctonia laccase which functions optimally at 
5 pH between about 6,0 and 8.5. 

2, The fragment of Claim 1 which comprises a seqiience 
encoding a Ehizoctonia solani laccase. 

iO 3, The fragment of Claiffl 1 which comprises a liucleic acid 
sequence eacoding the amino acid sequence depicted in SEO ID 

* 

4, The fragment of Claim 1 which comprises a xiucleic acid 
15 sequence encoding the amino acid sequence depicted in SEQ 2D 
HO. 4. 

5 . The fragment of Claim 1, which con^jrises a nucleic acid 
sequence encoding a protein containing one or more of the 
20 amino acid sequences depicted in SEQ. ID M03. 5, 6, 7, S, 9, 
10, 11, or 12. 

g. The fragment ot Claim 1 which comprises a nucleic acid 
sequence encoding the amino acid sequence depicted in SEQ ID 
25 MO. 14. 

7 . fhe f ragmeat of Claim 1 , which comprises the nucleic 
acid sequence depicted in SEQ ID isio. 1. 

30 8. The fragment of Claim 1, which comprises the nucleic 
acid sequence depicted ix). SEQ. ID. HO. 3, 
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9. The fragment o£ Claim 1, v/hich comprises the nucleic acid 
sequence depicted in SEQ, ID. HO. 13. 

10. The fjragment of Claiis 1, which comprises the nucleic 
5 acid sequence contained in imRL B-2114i. 

11. The fragment o£ Claim 1, which coaipi"ises tiae nucleic 
aci<2 sequence coxitained in NBKL B-21142. 

10 12. The fragment of Claims X, which coaiprises the nucleic 
acid sequence encoding the iaccase prodwced by RS 22, 

13. The fragment of Claim 1/ which comprises the nucleic 
acid seqaence contained in J^JKRL B-21156 , 

IB 

14 . h su-bstantially pure Rhizoctonia laccase enzymB •which 
functions optimally at a pH between abont 6.0-8,5. 

15. The ensyme of Claim 14 wMch is a Rhizoctonia solaai 
20 laccase . 

16 . The enzyme of Claim 14 which comprises the seguence 
depicted in SEQ ID MO, 2, or a seguence with at least 80% 
homology thereto. 

as 

17. The enzyme of Claim 14 which comprises the se<3ueiice 
depicted in SEQ ID HO 4, or a sequence with at least 80% 
homology thereto. 

30 18* The eiizyitje of Claim 14 which comprises one or more of 
the peptide sequences depicted in SEQ ID H0S.5, 6, 7, 



wo mmmn 



S, 9, 10, 11 or 12, or a sequence with at least 80% hoiaologi'' 
to one or more of these peptides, 

19 . The enzyme of Claim 14 wliicfo coJTprises the sequence 
B depicted in SEQ ID NO 14, or a segaeace with at least 80% 
homology' thereto . 

20 « h recombinant vectoi^ comprising a nucleic acid fragisent 
containing a nucleic acid seguence encoding a Rhisactonia 
10 laccase which ftanctions optimally at pH between abotit 6,0- 
8,5. 

21, The vector of Claim 20 in which the fragment is 
operably linked to a pronjoter sequence. 

15 

22, The vector of claim 21 in which the promoter is a 
fungal or yeast promoter. 

23, The vector of Claim 22 in which the promoter is the 
20 TAKA amylase promoter of Aspergillus oryzae, 

2i. The vector of Claim 22 in which the promoter is the 
glucoamyiase CgluA) promoter of AspergilluB niger or 
AspergilluB Bwamsii. 

25 

25. The vector of Claim 21 which also comprises a 
selectable mai'ker, 

26. The vector o£ Claim 25 in which the selectable marker 
30 is the amdS marker of Aspergillus nidulans or Aspergillus 

oxyzae. 
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27 . The vector of claim 25 in which the selectable markejr 
is the pyrG marker of Aspergillus nidulans, Am&rgillus 
nigei'f Aspergillus awamorii, or Aspergillus oryzae, 

S 28. The vector of Claim 21 which comprises both the taka 
ai?.ylase promoter of Aspergillus oxyzae and the amdS or pyrG 
imx^ker of Aspergillus nidulans or Aspergillus orysae. 

29. A host cell coiaprising a heteroiogows nucleic acid 
10 fragmerit containing a micleic acid sequerice encodiBg a 

Rhizoctonia laocase which functions optimally at pH between 
about 6,0-8.5. 

30. The host cell of Giaiis 28 which is a fungal cell. 

15 

31. The host ceil o£ Claim 30 which is an. Asperffillus cell* 

32. The host cell of Claim 29 in which the fragment is 
integrated into the host cell genome, 

20 

33. The host cell of Claim 29 In which the fragment is 
contained on a vector. 

34. The host cell of Claim 29 %%'hich comprises a fragment 
2S containing a sequence encoding the amino acid- seigueiice 

depicted in SEQ ID MO. 2. 

35. The host cell of Claim 29 which comprises a fragment 
coataiiiing a seQuence encoding the amino acid sequence 

30 depicted in SEQ ID NO; 4. 
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36. The host cell of Claim 29 which comprises a fragimnt 
containing a sequence encoding the amino acid sequence 
depicted in SEQ id BO: 14. 

5 37. The host ceil of Claim 29 which comprises a fragment 
containing a sequence ericodii^g one or mox'e of the amino acid 
seQuences depicted ii:i SEQ ID NOS.: 5, 6, 7, 8, 9, 10, 11, or 

10 38. A method for obtaining a laccase enzyme which functions 
optimally at a pH between about 6.0-8.5 which comprises 
culturing a host cell comprising a nucleic acid fsragRiant 
containing a nucleic acid seguence encoding a sisi^occonia 
laccase enzyme which functions optimally at a pH b^tv.feen 

IS about 6.0-8.5, under conditions conducive to escpression of 
the ensyme, and ^recovering the exisyme from the culture. 

39, A method for polymerising a lignin or lignosulfato 
substrate in solution which comprises contacting the 

20 substrate with a Rhizoctania laccase which functions 
optiitially at a pH between about 6.0-8.5. 

40, A method for in situ depolyaieri za t i on in Kraft pulp 
which coisprises contacting the pulp with a Rhizoctonia 

25 laccase which functions optimally at a pll between about 6 , 0- 
8.5. 

41, A method for oxidising dyes which comprises contacting 
the dye with a Rhisoctonia laccase which functions optimally 

30 at a pH between about 6.0-8.5. 
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42, A method of polymerising a phenolic compounds which 
co3»prises contacting the phenolic compound with a 
Rhizoctonia laccase which functions optimally at a pH 
between about 6.0-8,5. 
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